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N THE latter part of November, 1912, cerebral examination to which he gave the 

when about to cross a busy street in name 
New York City, a machinist was struck 
by a trolley car and hurled to the pave 
ment. While still quite dazed he was ad 
mitted to the Harlem Hospital where a 
small laceration over the right eye was 
sutured and roentgenograms of the skull 
taken. Although these demonstrated a 
fracture of the right frontal bone, the 
patient improved so rapidly that he in- 
sisted upon leaving the hospital within 
two weeks. Seven days later he was read- 
mitted to the hospital in a semiconscious 
and irrational state. Again the skull was 
roentgenographed, and this time the roent- 
genograms showed an unexpected and 
amazing finding (ig. 1). Distinctly out- 
lined as dark shadows against the cranium 
the cerebral ventricles were clearly pro- 
trayed by air which apparently had entered 
the skull through the frontal fracture, 
formed a large pneumocele in the right 
frontal lobe, and ruptured into the ventric- 
ular system. This interpretation was veri- 
fied by subsequent operation and necrop- 
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“ventriculography.” Originally he 
utilized the method for the study of hydro- 
cephalus and the spinal fluid pathways. 
\fter directly puncturing the cerebral 
ventricles he removed the cerebrospinal 


Fic. 1. Accidental finding of air in the ventricular 
system, following a skull fracture (from Stewart). 


fluid and injected air. Shortly thereafter,’ 
The possibilities which lay in the devel- he found that the ventricles could be filled 

opment of this chance finding were not after removal of fluid and injection of air 

realized, and so six years passed before into the subarachnoid space by lumbar 

the cerebral ventricles were again viewed puncture. 

roentgenologically. To Dandy® belongs the Two years later Bingel* in Germany pub- 

credit for the introduction of this method of _ lished the first reports of this procedure on 


* From the Division of Neurology and Neurosurgery, University of Chicago Clinics, Chicago. 
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the Continent and introduced the term 
“encephalography” for the process when 
the air was injected by the lumbar route, 
and the subarachnoid as well as the ven- 
tricular system was visualized. Widerée,”® 
in Norway, about the same time success- 
fully utilized the method for localization 
of brain tumors. These methods rapidly 
gained popularity and reports of their 
value in cerebral diagnosis accumulated. 
Since the replacement of the spinal fluid 
by air through a lumbar puncture (en- 
cephalography) required no surgical pro- 
cedure it came to the fore. Shortly, how- 
ever, the limitations, advantages, and dis- 
advantages of each method were recog- 
nized and now each has its own place in 
the neurological armamentarium. 

The removal of spinal fluid from the sub- 
arachnoid space in the lumbar region de- 
creases the pressure primarily beneath the 
medulla. This is a theoretical consideration 
if there is no block in the cerebrospinal 
fluid pathways at the foramen magnum, for 
the spinal fluid pressure is quickly re-estab- 
lished at a uniform level throughout the 
subarachnoid channels even though the re- 
moval of fluid is rapid.?** However, where 
there is the possibility of a pre-existing 
herniation of the tonsils of the cerebellum 
and bulb into the foramen magnum with a 
partial or complete subarachnoid block at 
that level, lumbar puncture should be done 
with the utmost caution, because a rapid 
release of pressure would allow greater 
herniation with medullary compression. 
Cushing** in 1909 emphasized this when 
he stated: 

In the presence of such a condition (herniation 
thru the foramen magnum) the withdrawal 
of cerebrospinal fluid from the spinal meninges 
by a lumbar puncture is often hazardous, as it 
may tend to a sudden wedging of the bulb in 


the opening, with anaemia and paralysis of the 
vital centres. 


Recently this statement, incompletely 
quoted, has been said not to be proved 
by factual evidence.** However, when the 
opening phrase is retained, and the possi- 
bility considered that a sudden wedging of 
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the bulb need not cause a sudden paralysis 
of the vital centers, but that the latter may 
only occur hours later when edema second- 
ary to the trauma produces further pres 
sure, the statement remains true. The ex 
perimental evidence reported to show that 
such herniations could not be produced by 
lumbar puncture even in high “‘acute’’ in 
tracranial pressures is beside the point, for 
the herniation in chronic hypertension is 
present before the puncture is performed. 
That this is true is the experience of every 
neurological surgeon who routinely has to 
remove the arch of the atlas in order to see 
and retract the tips of the tonsils of the 
cerebellum in performing a_ suboccipital 
craniectomy for a cerebellar tumor. Then, 
granting a foramen magnum pressure cone 
of greater or less degree in most cases of 
intracranial hypertension, will this cause a 
partial or complete subarachnoid block, 
which theoretically 1s necessary in order 
that removal of fluid by lumbar puncture 
produce a further herniation of the bulb 
and tonsils of the cerebellum? Schaller?' 
answers this in the affirmative when he 
gives as one of his conclusions of the effects 
the brain distortions on intracranial hydro- 
dynamics the following: 


Distortion of a cerebellar lobe forced it down 
against the medulla and caused a partial hydro- 
dynamic block between the lateral ventricles 
and the lumbar sac. 


Another observation suggests the same. 
When encephalography is performed in in- 
tracranial hypertension due to neoplasm 
the incidence of failure to fill the cerebral 
ventricles is much higher than when per- 
formed with normal intracranial tension, 
and not infrequently a column of air may 
outline the spinal cord as high as the fora- 
men magnum, but no air be present above 
that level although previous manometric 
studies failed to show a_ subarachnoid 
block. Thus in a series of over 200 en- 
cephalographies some 12 were inadvert- 


ently performed upon patients suffering 
from intracranial neoplasm. In only 4 of 
these cases were the encephalographies sat- 
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isfactory; in 7 absolutely no air was present 
in the cerebral ventricles, and in 2 cases 
there was no air above the foramen mag- 
num. Every measure was taken in all these 
cases during encephalography to endeavor 
to secure complete ventricular and sub- 
arachnoid filling. This failure of the ven- 
tricles to fill in the presence of cerebral hy 
pertension in itself argues against the use 
of encephalography in these cases. 

Hence, it is obvious that when for any 
reason increased intracranial pressure is 
present, particularly if due to a lesion in 
the posterior fossa, encephalography 1s con- 
traindicated. A glance at the mortality 
tables in encephalography as prepared by 
Pancoast and Fay” substantiates this fact. 
In over 1,500 encephalographies reported 
in the literature to 1929, twenty deaths oc- 
curred, 15 of which were in patients suffer 
ing from some type of increased intra 
cranial pressure. For all such patients ven 


triculography should be the method of 


choice; if it is desirable to visualize both 
the subarachnoid spaces and the ventricles, 
a trephination and ventricular puncture 
should be first performed to lower the in 
tracranial pressure and leave an opening 
into the skull through which the cerebral 


ventricles may be tapped should signs of 


medullary compression develop during or 
subsequent to encephalography. 

In childhood, with the exception of the 
acute inflammatory conditions of the cen- 
tral nervous system which usually present 
little diagnostic difficulty, neoplasms are 
the most frequent cause of increased intra- 
cranial tension and 60 per cent of these 
tumors’ and 7o per cent of gliomas! are 
in the posterior fossa. Therefore, encephal- 
ography in children with increased intra 
cranial pressure is extremely hazardous. 
Patients under fifteen years of age cooper- 
ate so poorly that a general anesthetic is 
usually necessary for the procedure, so 
that in these cases any medical condition 
which renders the patient a poor anesthetic 
risk becomes a contraindication for enceph 
alography. 
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In children suffering from stationary or 
fixed cerebral lesions, routine clinical and, 
laboratory examinations frequently give’ 
only meager information, and even lumbar 
puncture and roentgenograms of the skull 
do not materially add to our knowledge 
of the condition. In these cases a method 
of visualizing the form, size and shape of 
the brain is of great value, and in 50 per 
cent of cases, according tc Crothers, Vogt 
and Eley,’ definite abnormalities are found. 
Hence an indication for encephalography 
arises in every stationary cerebral lesion, 
after routine clinical and laboratory meth- 
ods have been exhausted, before the child 
is submitted to an all too frequently useless 
craniotomy, or before it is discharged with 
a vague or hopeless prognosis. 

Many methods have been advanced for 
this procedure, each of which finds support 
from the operator familiar with the tech- 
nique. In the University of Chicago Clinics 
the replacement method of Bleckwenn has 
been used satisfactorily. With the patient 
sitting up, two lumbar punctures are made. 
If, however, the pressure of the spinal 
fluid has not been previously determined, 
the punctures are made with the patient 
lying on one side, and the spinal fluid 
pressure measured with the Ayer manom- 
eter. If this is not over 200 mm. of spinal 
fluid, the patient is placed in a sitting posi- 
tion and the procedure continued. If it is 
above this pressure and an encephalog- 
ram rather than a ventriculogram is de- 
sired, a trephine opening is made in the 
occipital region and the posterior horn of 
the lateral ventricle punctured to relieve 
the intracranial pressure before proceeding 
with the operation. The Bleckwenn appar- 
atus (Fig. 2) is then attached to the lumbar 
puncture needles. This apparatus consists 
of a large glass cylinder to each end of 
which is attached rubber tubing in which 
a small length of glass tubing has been in- 
serted to enable the operator to watch 
the flow of cerebrospinal fluid before it 
reaches the cylinder. Adapters are con- 
nected to the free ends of the rubber tub- 
ing. The adapter from the lower end of the 
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Fic. 2. The Bleckwenn tube. 


large glass cylinder is then fitted to the 
lower needle, and a few centimeters of 
fluid allowed to enter the tubing before 
the upper adapter is attached. The con- 
nections being airtight, as spinal fluid 
enters the system air is displaced through 
the upper piece of tubing and needle into 
the subarachnoid space. If this circulation 
does not begin when the adapters are at- 
tached a gentle “‘milking” of the rubber 
tubing toward the upper needle usually 
suffices to start it. The rate of flow of the 
spinal fluid may be controlled by elevating 
or lowering the tube, but with the patient 
under general anesthesia there seems to be 
no contraindication for fairly rapid replace- 
ment of the cerebrospinal fluid. If the pro- 
cedure is done under local anesthesia, a 
slow rate of flow (3-4 c.c. per minute) pro- 
duces less discomfort. Toward the end of 
the procedure, when the fluid is flowing 
very slowly or has ceased to flow, the head 
should be manipulated and moved about to 
empty completely the cerebral ventricles 
and the subarachnoid space. This proced- 
ure is quite important if good encephalo- 
grams are to be produced. 

Under general anesthesia the patient’s 
condition usually remains good during the 
entire operation, the blood pressure and 
pulse being fairly constant, but at times a 
falling blood pressure and feeble pulse de- 
mand lowering the patient to a horizontal 
position and the administration of stimu- 
lants such as caffeine and ephedrine. This 
is in contrast to the result when the pro- 


cedure is carried out under local anesthesia 
in which case there is a frequent and often 
dangerous fall in blood pressure when 4 
so c.c. of fluid has been withdrawn. 

The amount of fluid removed varies 
greatly from patient to patient, even in 
normal cases, but usually 80-100 c.c. of 
cerebrospinal fluid may be obtained from 
any child. However, satisfactory enceph 
alographies may be obtained with removal 
of as little as so c.c. of spinal fluid. In fact, 
some European clinics make no effort to 
drain the spinal fluid and introduce only 
50-70 c.c. of air. Since the first air intro 
duced usually enters the basal cisterns and 
then the ventricles, these structures are 
well shown even with small amounts 
of air, but complete drainage is required 
for visualization of the cortical subarach 
noid space. In marked hydrocephalus 
250 c.c. of fluid ‘or even more may be re 
moved. If an amount of air equal to the 
fluid removed is allowed to enter, the re 
sultant pressure within the subarachnoid 
space is considerably less than the initial 
pressure, since the expansion of the air 
caused by difference in temperature be 
tween the room and the body is more than 
compensated for by factors not clearly 
understood at present—absorption of some 
air, leakage in the apparatus, and so forth. 
Vincent, Rappoport and Berdet?’ state 
that in order to maintain a constant pres 
sure within the subarachnoid space they 
introduce 20-30 c.c. more air than fluid 
removed. 
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Following the air injection the patient 
is immediately taken to the roentgen de- 
partment where regular skull films are 


taken. These consist of stereoscopic films of 


face-down and occiput-down positions and 
stereoscopic films of each lateral position. 
These are then examined before the patient 
is returned to the ward to be certain that 
the patient was correctly centered and that 
no movement occurred. 

Within eight hours of the procedure the 
majority of patients show a temperature 
rise to 101—-103°F., a marked leucocytosis 
of 15,000 to 25,000, at times small amounts 
of albumin and blood in the urine, and a 
marked increase in cells in the spinal fluid. 
The patients usually vomit on returning to 
the ward and on awakening from the anes- 
thetic complain of severe headache and 
stiff neck. During this time the blood pres 
sure, pulse and respiration remain prac 
tically constant and the spinal fluid pres- 
sure is normal or slightly decreased. The 
pleocytosis of the spinal fluid, at first 7 
80 per cent polymorphonuclears,'* later 
becomes lymphocytic and persists for sev 
eral days. The chart (I*ig. 3) shows graph 
ically the course of the leucocytosis, the 
spinal fluid findings, and the temperature 
of a typical case. 

Children presenting neurological signs 
or symptoms referable to chronic or sta- 
tionary lesions of the}brain comprise a 
large group in which encephalography fre- 
quently yields valuable information. This 
new diagnostic aid is particularly impor 
tant because many clinical syndromes of 
childhood have as a pathological basis 
varied changes in the brain, and formerly 
only at necropsy could the condition be 
correctly classified. ‘““Eine art anatomie in 
vivo” (Foerster!2) now enables us to identi- 
fy many of these conditions before death. 
The following descriptions are based on a 
study of more than 100 encephalographies 
performed on children at the University of 
Chicago Clinics during the past four years. 
There were no fatalities in this group. 

Perhaps the most common neurological 
condition encountered in a pediatric clinic 


Encephalography in Children 


T T 
102 + | 4 +—+ 
100 Ais 
: 
7 } 


8 6 24 322 48 56 64 72 108 +4 
Fic. 3. Chart of the spinal fluid, blood and tempera- 
ture changes after encephalography. The figures 
on the abscissa represent hours following the pro- 
cedure; the numerals to the right of the chart 
designate the leucocyte count of the blood, those 
to the left, below, the temperature readings, 
above, the spinal fluid pressure in millimeters, and 
the cell count of the spinal fluid. Tempera- 
ture...; spinal fluid pressure—-—-—-; cell 
count of the spinal fluid; white blood cells 


is some type of mental and physical re- 
tardation quite frequently associated with 
mild or severe manifestations of cerebral | 
infantile palsies. This large heterogeneous 
group is constantly presenting diagnostic 
and therapeutic problems, for to the think- 
ing physician a diagnosis of “‘feebleminded- 
ness” or “birth injury” is unsatisfactory 
until every possible means has been used 
to arrive at an anatomico-pathological 
conclusion. The application of encephalog- 
raphy for the solution of this problem has 
given encouraging results, which cannot 
be clearly understood, however, until we 
analyze this group from an etiological 
standpoint. It is obvious that the insult 
producing the cerebral defect may occur 
during intrauterine life, delivery, or during 
the first year of the child’s existence. 
During intrauterine life both maternal - 
conditions caused by infectious agents and 
their toxins, intoxications, and more rarely 
trauma, and inherent defects in the germ 
plasm of the embryo may inhibit normal 
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development of the brain. If this retarda- 
tion or aplasia occurs early, gross cerebral 
defects will be present in the form of a 
primitive convolutional pattern such as is 
seen in the brains of microcephalic idiots, 
or in the absence of a lobe or other part 
of the encephalon such as the corpus callo- 
sum. These anomalies are, of course, read- 
ily demonstrable by encephalography, but 
they are exceedingly rare. More frequently 
the insult, whether extrinsic or intrinsic, 
manifests itself at a later stage and the 
anatomic substrata of the “higher faculties” 
of man do not develop, although the form 
and shape of the brain may be practically 
perfect; or if the neuroblasts have started 
their metamorphosis into neurones, a pri- 
mary degeneration occurs. Moreover, the 
noxa may not attack all parts of the brain 
equally, since certain portions may be 
more susceptible, or the affinity may be 
greater for certain neurones than for others. 
The affliction is usually bilateral, and may 
be present as a symmetrical lesion of the 


frontal lobes, of the central convolutions, of 


the basal ganglia, or any other part of the 
nervous system, and its clinical and phys- 


iological manifestations will depend upon } 


the sites of predilection. It is thus possible 
to arrive at an anatomico- pathological ex- 
planation for any of the types of cerebral 
diplegias, and quadriplegi ias. In this group, 
since the condition is primarily a neuronic 
degeneration occurring late, after the gross 
brain pattern has been laid down, en- 
cephalography usually shows little abnor- 
mal, although a slight ventricular dilata- 
tion is not uncommon. In those cases in 
which the toxic agent has damaged the 
neuroblasts before the convolutional pat- 
tern has been completed, roentgenograms 
taken after an air injection will show 
cortical aplasia of a varying degree. As 
Kruse” has stated, there is no typical 
encephalographic picture of cerebral di- 
plegia or Little’s disease. 

During birth the intracranial contents 
may be damaged, usually producing hemi- 
plegia and mental retardation. Until re- 
cently, birth trauma was considered the 


most common etiological factor in cere 
bral diplegia. Freud of Vienna in 1897 in a 
monograph entitled “Infantile Cerebral 
Paralysis” pointed out the inadequacies of 


this conception and concluded: “Prema 


.ture, precipitate and difficult birth and 


asphyxia neonatorum are not causal fac 
tors in the production of diplegia; they 
are only associated symptoms of deeper 
lying influences which have dominated the 
development of the foetus or the organism 
of the mother.’ Collier® developed the 
theory that the anatomical cause of di- 
plegia was a primary neuronic degeneration 
from causes as yet unknown. However, 
with the history of a difficult delivery, a 
pale baby who breathed only after much 
persuasion, who had convulsions for the 
first few days after birth, even in the ab- 
sence of a spinal fluid examination, a clin- 
ical diagnosis of cerebral injury seems 
justified, and a subsequent paralysis, if a 
mono- or hemiplegia, may be assumed to be 
due to the birth trauma. In such cases an 
encephalogr aphy performed a few years 
after birth in a very large percentage of 
cases shows a definite cerebral defec t, us 
ually in the form of a dilated ventricle on 
the opposite side to the paralysis,or a poren 
cephaly communicating with the ventricle 
or the subarachnoid space, or occasionally 
a walling off of its cavity from the cerebro- 
spinal pathways. The size of the poren- 
cephaly has no relation to the severity of 
the paralysis.' 

In the third place a cerebral infantile 
palsy may be due to insults occurring after 
birth, the most common of which are: (1 
Struempell’s polioencephalitis; (2) various 
infectious diseases, such as_ scarlatina, 
typhus or syphilis and intoxications by 
lead or other poisons; (3) trauma. In most 
infectious diseases only minor changes are 
present on encephalography, while trauma 
and toxins, such as lead, produce mild or 
severe changes in the shape, size or situ- 
ation of the cerebral, subarachnoid, and 
ventricular spaces. 

It will be seen, then, from this short 
description that the syndrome of mental 
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retardation and cerebral palsy may be the 
clinical manifestation of many underlying 
pathological processes, and that, while 
encephalography may help us to arrive at 
a gross anatomico-pathological diagnosis, 
it is only by a careful history and exami- 
nation that we may discover the etiological 
factor in these cases. It is also easily under 
stood why Crothers et al’ and Buchanan‘*” 
found that the encephalographic findings 
alone were no index to the mentality of 
the patient and of no value in prognosis. 
To demonstrate the findings in each of 
these groups a few cases are reported. 
Case 1. A. P. (g0476), a full-term male in 
fant, was easily delivered by forceps. Very 
little difficulty was encountered in resuscita- 
tion; the child was of normal color; there were 
no convulsions and no difficulty in nursing. 
The child at eighteen months of age was 
brought into the hospital because it was not 
developing normally, the dentition was slow, 
he made no endeavor to sit up, and was unable 
to sit if placed in that position. Physical exam- 
ination was quite negative, and there were no 
neurological abnormalities except bilateral 
primary optic atrophy and inability to hold his 
head up or to sit upright. There was no evi- 
dence of spasticity in any limb, and no gross 
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ataxia. The blood and spinal fluid Wassermann 
and Kahn reactions were negative. Blood and 
urine were likewise normal. The clinical diag- 
nosis was cerebral agenesis. 

Under ether anesthesia encephalography was 
performed, 120 c.c. of fluid being removed, and 
115 c.c. of air introduced into the subarachnoid 
space by the Bleckwenn technique. The en- 
cephalograms show a marked widening of the 
sulci over both frontal lobes, most marked over 
the left, extending back to the parietal region, 
with moderate ventricular dilatation (Fig. 4). 
The findings were interpreted as representing 
cortical hypoplasia. 


In this case the hypoplasia occurred in 
the cerebral hemisphere and in the ganglion 
cells of the retina, but, as mentioned above, 
it may be present in any part of the brain. 
The tollowing patient illustrates a marked 
cerebellar hypoplasia. 


Case u. J. M. (85230). A boy aged seven, 
who was delivered normally at full term, was 
brought to the hospital because of difficulty in 
walking. Although both had been slow in de- 
veloping, walking and talking were finally 
learned at five years of age. His intelligence 
quotient as determined by the Stanford-Binet 
test was $9. Physical examination was negative. 
His speech was slow, poorly articulated and at 
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Fic. 4. Case 1. Cerebral agenesis. a. Lateral view. 8. Posteroanterior view. There is marked atrophy of the 
frontal and parietal lobes, most pronounced on the left side, and moderate ventricular dilatation. 
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Fic. 5. Case 11. Cerebellar agenesis. a. Lateral view. sp. Posteroanterior view. 
The cerebellum is clearly outlined by air. 


times explosive. There was a fine horizontal 
nystagmus, the quick component outward on 
looking to both the right and left. Reflexes and 
sensation were normal] throughout the body. 
All movements of both arms and legs were 
grossly ataxic, becoming more so as the goal 
was approached. Rapidly alternating move- 
ments were performed with great difficulty, 
and slowly. The patient walked on a wide base, 
staggering from one side to another and fre- 
quently falling. The blood and spinal fluid 
Wassermann and Kahn reactions were nega- 
tive, and the blood findings and urinalysis were 
normal. Clinically, the case was diagnosed as 
cerebral and cerebellar agenesis. 

Under ether anesthesia an encephalography 
was performed, go c.c. of fluid being removed 
and go c.c. of air introduced into the lumbar 
subarachnoid space, by the Bleckwenn tech- 
nique. Roentgenograms taken after this pro- 
cedure showed air in the posterior fossa clearly 
outlining the individual folia of the cerebellum. 
The remainder of the encephalogram, except 
for slight ventricular dilatation and slight in- 
crease in the amount of air in the cortical sulci, 
was normal (Fig. 5). The findings were inter- 
preted as showing marked cerebellar aplasia. 


The preceding cases have illustrated the 
hypoplasias of the brain. Birth injuries 
may be manifested by arachnoiditis, ven- 
tricular dilatations, or porencephalic cysts. 


There is considerable controversy concern- 
ing the origin of these latter defects. Some 
authorities believe that they represent con- 
genital malformations rather than the end- 
result of cerebral injury. The history of 
the following case strongly suggests birth 
injury as the etiological factor in this 
patient. 


Case m1. D. D. (91241). A boy aged four- 
teen, was brought to the hospital because of 
convulsive seizures beginning in the right 
hand and arm, then involving the right leg at 
times, with or without loss of consciousness. 
The attacks started two years previous to ad- 
mission, but were becoming progressively more 
frequent, occurring lately about every day. The 
child was a difficult forceps delivery at full 
term. Four hours after birth he went into a 
clonic convulsive state in which he remained for 
fourteen hours. For several days after delivery 
blood oozed from the mouth and nose, and the 
mother noted that the left pupil was much 
larger than the right. It was not noticed until 
the child started to sit up at five or six months 
of age that the right arm and leg were weaker 
than the left, and that the child preferred to 
use the left hand. Walking and talking were 
delayed until two years, and it was noted that 
he limped a little on the right leg. Mentally 
he had always been retarded. 
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The patient presented a marked right spastic 
hemiparesis, with exaggerated reflexes and a 
positive Babinski on the right side. The muscles 
of the right extremities were definitely smaller 
than those of the left side. Sensation appeared 
normal for pin prick and cotton, but there was 
a definite deficiency in position sense on the 
right side, especially in the leg. The left pupil 


was larger than the right but the reactions of 


both were normal. Visual fields taken after 
encephalography showed a small homonymous 
defect in the inferior temporal quadrant of the 
right eye, and the inferior nasal quadrant of the 
left. General physical examination was nega- 
tive. Clinically it was suspected that there was 
a “left-sided porencephaly from birth injury 
producing a right hemiplegia and Jacksonian 
epileptic attacks.” 

Under ether anesthesia encephalography was 
performed, 75 c.c. of spinal fluid being removed 
and 70 c.c. of air introduced by the Bleckwenn 
tube. Roentgenograms taken following this 
procedure showed a massive collection of air in 
the left parieto-occipital region, communicating 
with the left lateral ventricle which was moder- 
ately dilated. The right ventricle was normal 
in size and shape. The encephalogram was 
interpreted as showing a large porencephz alic 
cyst in the left parieto- -occipital region commu- 
nicating with the left lateral ventricle (Fig. 6). 


Infantile palsies due to acute cerebral 
insults in the first year of life usually are 
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in the form of hemiplegias and, as men- 
tioned above, may be due to _polioen- 
cephalitis, acute infectious diseases, or 
trauma. The encephalograms of these pa- 
tients show quite constant, though some- 
times mild, lesions either in the form of a 
dilated ventricle on the opposite side of 
the paralysis, arachnoiditis, or an area of 
cortical atrophy on that side. 


Case tv. M. C. (46596). A girl, aged five, was 
brought into the University of Chicago Clinics 
because of weakness of the right side of the 
body since one year of age and generalized con- 
vulsions and petit mal attacks for six months. 
She was one of premature twins delivered at 
seven months by forceps. After birth she was 
quite blue, and respiration was induced only 
with difficulty. She had no convulsions at that 
time and nursed well. At six months she sat up, 
teethed at eight months, and walked at fifteen 
months. At one year of age she had an acute 
illness with high fever and convulsions, follow- 
ing which a right-sided paralysis was noted. 
After the acute illness the mother noticed that 
the child’s head was enlarging but this condi- 
tion was relieved by spinal punctures. From the 
time of the acute illness until six months before 
admission to the Clinics the child had had no 
convulsions, and had developed normally ex- 
cept for the right hemiparesis, and some 
mental retardation. 


4 


Fic. 6. Case m1. Cerebral birth injury. a. Lateral view. 


8. Posteroanterior view. The large defect in the left 


hemisphere communicating with the dilated left lateral ventricle is filled with air, and well shown. 
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Fic. 7. Case 1v. Infantile hemiplegia. a. Lateral view. 8. Posteroanterior view. 


These show the gre atly 


dilated left ventricle, and the slight displacement of the entire ventricular system to the left. Note the ab- 
sence of air over the left hemisphere, although at operation convolutional atrophy was found to be present. 


On admission to the hospital the patient had 
a marked right spastic hemiparesis with in- 
creased reflexes, ankle clonus and a positive 
Babinski on that side. The right arm was car- 
ried in the typical hemiplegic posture. The 
patient was quite dull and on Stanford-Binet 
intelligence test rated an intelligence quotient 
of only 37. Her general physical examination 
was negative. 

The clinical impression was that the patient 
was suffering from the sequelae of an acute 
encephalitis of unknown etiology. 

Under ether anesthesia an encephalography 
was performed, 135 c.c. of spinal fluid being 
removed and 143 c.c. of air introduced into the 
subarchnoid space through the Bleckwenn 
tube. Roentgenograms taken after this proced- 
ure showed a gross dilatation of the left lateral 
ventricle with no air over the cortex of that 
hemisphere, but with normal distribution of 
air over the cortex of the right cerebral hemi- 
sphere. The entire ventricular system was 
slightly displaced to the left (Fig. 7). Subse- 
quently the left cerebral cortex was exposed in 
the hope that it might be possible to extirpate 
the epileptogenic zone. The dura was very ad- 
herent to the underlying pia-arachnoid which 
was thickened and contained numerous white 
patches particularly over the central gyrus and 
the lower part of the Sylvian fissure. In the 
subarachnoid space, filling the dilated sulci, was 


considerable fluid. The convolutions were small, 
and the cortical tissue unusually firm, particu- 
larly along the central region. Electrical stimu- 
lation of the cortex produced no motor re- 
sponse. An incision was made through the 
tough cortical tissue into the left lateral ven- 
tricle which was found to be greatly dilated. 
Since an epileptogenic zone could not be found 
on electrical stimulation, the wound was closed. 


This case illustrates the typical enceph- 
alographic and operative findings in in- 
fantile hemiplegias. Owing to the arach- 
noidal adhesions (arachnoiditis) over the 
left central region the cortical atrophy was 
not visible in the encephalogram although 
it is in many cases. Foerster! pointed out 
also that in such cases the ventricle was 
frequently displaced to the side of the 
lesion, and that the third ventricle was 
also drawn over to that side. Wartenberg”® 
gives several examples of this condition. 
Heidrich!? considers the unilateral ven- 
tricular dilatation typical of infantile hemi- 
plegias. Kruse” illustrates this condition 
with a unilateral dilatation plus cortical 
atrophy on the same side. In discussing the 
findings in infantile hemiplegias, Gutt- 
mann” states that the ventricle alone may 
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be dilated either in the form of a sym- 
metrical dilatation or an outpouching, 
porencephaly; that there may be ventric- 
ular dilatation with a corresponding ex- 
ternal hydrocephalus due to cortical atro- 
phy; that the defect may be due to primary 
developmental disturbances—aplasias, as 
mentioned above—or that primary menin- 
geal disease with the formation of cysts in 
the meninges may produce the syndrome. 
Koschewnikoff and Fraenkel,?° and Crothers 
et al,’ give illustrations which are similar 
to the above, and typical of this condition. 

While no claims of a therapeutic effect 
from encephalography have been advanced 
for these types of cases, 2 patients, the first 
a girl of six years with cerebral hypoplasia 
of unknown etiology presenting clinically a 
mildly spastic paraplegia with mental re- 
tardation, and the second a boy of two with 
cerebral hypoplasia causing epilepsy, men- 
tal retardation and a mild hemiparesis, 
have been markedly improved following 
the air injection. As the change was noted 
by several individuals independently, in 
the case of the first child by several in- 
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structors at a school for spastics, and later 
verified by various members of the neuro- 
logical service of the University of Chicago 
Clinics, the improvement is very probably 
real. The girl was found to be much brighter 
immediately upon returning to school, and 
had much better control of all voluntary 
movements. The boy, who before encephal- 
ography had a definite spastic hemiplegic 
gait, following the procedure was able to 
walk with hardly a trace of a limp, and his 
pyramidal signs and spasticity disappeared. 
A second encephalography performed upon 
him six months after the first showed no 
essential change in the ventricular or sub- 
arachnoid spaces. The explanation of these 
therapeutic results is still lacking. 

There are certain types of mental re- 
tardation with definite clinical findings 
which require further consideration. These 
include idiocy from hydrocephalus, micro- 
cephalus and Mongolian idiocy. The find- 
ings in hydrocephalus are well known, but 
the following case is presented because of 
the findings following cauterization of the 
choroid plexus on one side. 


B 


Fic. 8. Case v. Congenital hydrocephalus. a. Posteroanterior view showing the marked dilatation of the entire 
ventricular system before operation. B. Posteroanterior view showing the marked dilatation of the right 
lateral ventricle with practically no change in the size of the left ventricle after operation. The entire ven- 


tricular system is displaced to the right. 
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Case v. R. W. (54444). This boy, aged nine 
months, was brought into the Clinics because 
of slowly progressive enlargement of the head 
since birth. The child was delivered spon- 
taneously at term, breathed easily, had no con- 
vulsions, and nursed well. Shortly after birth 
the mother noticed that the head was large, 
the forehead prominent, and that the whites 
of the eyes showed between the cornea and the 
upper eyelids. The child never sat up, and was 
unable to hold its head up for any length of 
time. He took little interest in his surroundings, 
although he nursed well, and gained weight 
normally. The patient showed a typical hydro- 
cephalic head measuring 45.3 cm. in its greatest 
circumference. He was unable to raise his head 
or to sit up, and usually lay flat on his back 
motionless or with purposeless movements of 
his limbs. The discs showed no signs of choking 
or atrophy. Phenolsulphonphthalein injected 
into the Jeft cerebral ventricle was recovered 
within five minutes from the lumbar subarach- 
noid space, demonstrating the communication 
between the ventricular system and the spinal 
subarachnoid space. The child was kept under 
observation for eight months during which 
time the head enlarged to a circumference of 
49.6 cm. The child was then brought into the 
hospital and encephalography performed under 
ether anesthesia. After removing 116 c.c. of 
spinal fluid, 106 c.c. of air was introduced into 
the spinal subarachnoid space through the 
Bleckwenn tube. Roentgenograms showed 
marked generalized symmetrical dilatation of 
the entire ventricular system, with practically 
no air over the cortex (Fig. 8, A). 

A week later under ether anesthesia a small 
boneflap was turned down in the right parietal 
region, the cortex was incised to the ventricle, 
and the ventricular contents inspected with an 
operating cystoscope. The choroid plexus was 
clearly seen and cauterized without difficulty. 
The patient had a moderate hyperthermia for 
several days after the procedure, but recovered 
with no increased disability. 

Seven months later the child was readmitted 
for study. The head was then 51.5 cm. in cir- 
cumference, and the patient’s general condition 
remained as previously. Under ether anesthesia 
a second encephalography was performed, this 
time 220 c.c. of spinal fluid being removed and 
an equal quantity of air introduced into the 
lumbar subarachnoid space. Roentgenograms 
taken following this showed instead of the sym- 
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metrical dilatation seen at the previous exam- 
ination, an asymmetrical dilatation, the right 
lateral ventricle being much larger than at the 
first examination, and the entire ventricular 
system displaced to the right. A few clips were 
also seen at the operative site, and a small 
piece of silver wire which was used to tie down 
the bone flap (Fig. 8, B). The great increase 
in the dilatation of the right ventricle is proba- 
bly due to the scarring and gliosis resulting 
from the operative trauma. 


The findings in several cases of micro 
cephalus have been reported. Kruse”! has 
encephalograms of 3 cases of this condition. 
All 3 cases show marked evidence of cere- 
bral aplasia, and varying degrees of ven- 
tricular dilatation. Bogin, Holzsager, and 
Kramer* report one case with ventricular 
distortion and little air over the cortex. 
Four patients with unquestionable micro- 
cephalus have had encephalographies per- 
formed in this clinic. In one the roentgeno- 
grams were unsatisfactory due to non-filling 
of the ventricles; but in the other three 
practically identical findings were present. 
All showed quite marked internal hydro- 
cephalus, with evidence of severe aplasia of 
the frontal and parietal lobes. 


Case vi. A. P. (92463). A negro girl, aged 
three, was brought into the hospital with the 
history that following delivery at term she had 
developed convulsions at intervals for several 
days. Some difficulty had been encountered in 
initiating spontaneous respiration. Develop- 
ment was slow, and the child had never held 
her head up, sat up, or walked. She cried weakly 
at times, but could not speak. Her posture was 
typically the dorsal decubitus with flexion of 
both legs and with both forearms flexed at the 
elbows and held in the air. The head was quite 
small, measuring 40 cm. in its largest circum- 
ference. All four limbs were markedly spastic 
and the tendon reflexes very lively with bi- 
lateral extensor responses on plantar stimula- 
tion (positive Babinski). The blood and spinal 
fluid Wassermann reactions were negative; 
and the blood examination and urinalysis were 
normal. 

Under ether anesthesia an encephalography 
was performed and 110 c.c. of spinal fluid re 
moved and 105 c.c. of air introduced into the 
spinal subarachnoid space. Roentgenograms 
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Fic. g. Case vi. Microcephalus. a. Lateral view. 


. Posteroanterior view. The marked internal hydro- 


cephalus and cortical aplasia, as shown by the large collections of air over the frontal and parietal cortex, 


particularly on the right side, are quite apparent. 


taken after this procedure showed a well- 
marked dilatation of the cerebral ventricles, 
and a great amount of air over the cortex of the 
frontal lobes, particularly over the right hemi- 
sphere, so that the brain substance appeared as 
a thin sheet. A considerable amount of air was 
also seen in the basal cisterns (Fig. 9). 


The encephalographic findings in Mon- 
golian idiocy are as yet uncertain, only 
one case being reported. Crothers et al’ 
show the encephalogram of a Mongolian 
idiot in which ventricular dilatation and 
marked frontal aplasia are present. From 
post-mortem examinationof brains of Mon- 
golian idiots, these findings would not be 
expected in every case for many brains 
present only a simple or embryonic con- 
volutional pattern. 

The encephalographic findings in epi- 
lepsy in children, as in adults, present no 
constant features. In the present series, 
excluding all patients in whom convulsions 
occurred as a symptom of some known cere- 
bral pathology such as sequel of cerebral 
trauma, porencephaly, encephalitis, cere- 
bral agenesis and degenerative conditions, 


27 cases remained as examples of the con- 
vulsive state of unknown etiology—the so- 
called idiopathic epilepsy. Of these twenty- 
seven, 11 showed normal encephalograms, 
2 moderate bilateral ventricular dilatation, 
5 unilateral ventricular dilatation, 5 uni- 
lateral cortical atrophy or aplasia, 4 had 
no air in the ventricles and 3 were normal 
except that very little air was present in 
the cerebral sulci (arachnoiditis?) and in 1 
insufficient air was present to make any 
definite statement regarding the ventricular 
and subarachnoid systems. As will be 
noted from the above figures, some cases 
had both ventricular and subarachnoid ab- 
normalities, usually ventricular dilatation 
associated with cortical atrophy on the 
same side. These statistics show a some- 
what higher percentage of normals than 
those of Grant,'* but his cases included 
adults with convulsions probably extend- 
ing over a much longer period, and hence 
with more chance of secondary brain 
changes occurring. The significance of the 
absence of air over the cortex is still not 
quite clear. This condition, which has been 
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stated to be encephalographic evidence of 
arachnoiditis and has been proved to be 
such in a number of instances, is, however, 
in a certain percentage of cases a tech- 
nical defect, just as non-filling of the ven- 
tricles is considered to be in Io per cent of 
normal cases. In other cases it represents 
not only a simple arachnoiditis but is as- 
sociated with a cortical atrophy which can- 
not be demonstrated because the trapped 
fluid is not replaced with air (see Case Iv). 

No therapeutic results of encephalog- 
raphy, reported by some observers, have 
been found in the present series of epileptic 
cases. The period between encephalography 
and the first convulsion following the pro- 
cedure has not been any longer than the 
average interval between seizures prior to 
encephalography, providing the amount of 
medication was the same before and after. 
Statistics on the frequency of the attacks 
following this procedure are of little value 
since the dosage of the sedative was altered 
in many cases. There seemed to be no dif- 
ference in the severity of the attacks fol- 
lowing the procedure. 

In the acute inflammatory diseases of 
the central nervous system, the encephali- 
tides and meningitides, encephalography 
has been found to be of no diagnostic or 
therapeutic value, although it has been 
suggested as a therapeutic measure in 
tuberculous meningitis. However, it may 
be of value, at least from an academic 
standpoint, in the diagnosis of degenerative 
diseases. Yaskin®® has presented a very 
interesting example of such a condition 
with an extremely illustrative encephalo- 
gram. His patient was a girl, aged sixteen, 
who from five years of age showed a pro- 
gressive dyssynergia of the trunk, extrem- 
ities and speech, and a mild mental dete- 
rioration. Encephalography revealed a 
marked cerebellar atrophy and evidence 
of mild cerebral atrophy. During the past 
year 2 patients, one suffering probably 
from the Bielschowsky-Jansky type of 
amaurotic idiocy, and the other possibly 
from some type of progressive lenticular 
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degeneration have had encephalographies 
performed with interesting findings. 


Case vir. M. W. (85202). A female, aged five, 
was brought into the hospital because of pro- 
gressive mental and physical deterioration, and 
epileptic attacks. The patient was a full-term 
spontaneous delivery with no postnatal com- 
plications. She developed normally, was able 
to talk at one year and walk at fifteen months. 
A report from her teacher at the nursery school 
of the National College of Education, Chicago, 
states that at three years of age the patient 
was physically, emotionally, socially and intel- 
lectually quite normal for her age (Fig. 10, 4). 
She is described as amiable, sweet and happy. 
About that time she began to have generalized 
tonic convulsions with loss of consciousness, 
sometimes as frequently as three to four a day. 
These were controlled with luminal. From that 
time a rapid mental and physical deterioration 
was apparent, so that shortly the child was un- 
able to feed herself, to talk or to recognize 
people, and more recently she had been in- 
continent of urine and feces. One year before 
admission to the Clinics, an encephalography 
was performed elsewhere. This was said to be 
completely normal. While in the hospital the 
child was completely bedridden, and lay in 
dorsal decubitus, only occasionally making 
ataxic movements with her arms (Fig. 10, B). 
If assisted, she was able to sit upright for a few 
seconds, and could maintain her head in a verti 
cal position. She was incontinent of both urine 
and feces. The patient was able to see at least 
light. The optic discs were pale and_ both 
maculae were surrounded by a degenerative 
area of retina, in the center of which was a 
reddish-yellow pigmented ring about 
seventh the diameter of a normal disc. The 
pupils were equal, regular, and reacted well to 
direct and consensual light through a good 
range. The patient reacted to auditory stimull. 
All tendon reflexes were equal on the two sides 
and moderately active. Both plantar reflexes 
were extensor in type. There was a generalized 
hypotonia throughout the body, and a very 
marked ataxia on movement. All four limbs 
were used but the arms much more than the 
legs. No Magnus-de Kleijn reflexes were pres- 
ent. The reaction to pin prick was equally 
brisk in all parts of the body. 

There was no family history of any nervous 
or mental trouble; the patient was an only 
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Fic. 10. Case vir. Amaurotic idiocy. a of the patient, a, taken at three years of age when she 
was apparently a normal, healthy child; B, at five years of age ‘when the encephalogram was made. 


child. Both parents are American, and there is 
no immediate Jewish connection in the family. 
While it is impossible to make a definite diag- 
nosis, the clinical findings strongly suggested 
the late infantile type of amaurotic idiocy.* 

Under ether anesthesia encephalography was 
performed, 170 c.c. of spinal fluid being re- 
moved and 160 c.c. of air introduced through a 
Bleckwenn tube. Roentgenograms taken im- 
mediately after the procedure showed a greatly 
increased amount of air in the sulci and over 
the cortex of the anterior portions of both 
hemispheres, and both lateral ventricles were 
moderately dilated. The cerebellum was beauti- 
fully outlined by air between the folia—demon- 
strating a marked atrophy of the cerebellum 
(Fig. 11)—a condition which is quite compati- 
ble with the known pathology of this type of 
amaurotic idiocy.!® When these encephalograms 
were compared with those taken a year pre- 
viously the ventricular dilatation and cortical 
atrophy which had occurred in that time were 
quite apparent. 


The second example of encephalography 
in a degenerative disease of the central 
nervous system in a child is one showing 
milder changes than the first, but equally 
important. 


* Autopsy (Jan. 27, 1934) has confirmed the above clinical 
diagnosis. 


Case vi. L. $.(62572). A boy, aged thirteen, 
was first seen in the University of Chicago 
Clinics on account of severe abdominal pain 
associated with vomiting and gaseous eructa- 
tions for a period of eight years. The patient 
was a full-term spontaneous delivery and had 
no difficulty in breathing or nursing, and no 
convulsions. He teethed at ten months and 
walked at fourteen months. In spite of repeated 
examinations no cause could be found for the 
abdominal complaints. Two years later he re- 
turned to the hospital because of weakness and 
difficulty in controlling the left hand and arm 
which had been slowly progressive for eighteen 
months. He had also noted a change in his 
writing, which was slow and shaky, and he had 
some difficulty in articulating what he wished 
to say. Except for a definitely palpable spleen 
general physical examination was quite nega- 
tive. Blood and spinal fluid Wassermann and 
Kahn reactions were negative. A complete 
chemical analysis of the blood showed no ab- 
normalities, and routine blood examination and 
urinalysis were normal except for a relative 
lymphocytosis. 

‘The patient’s general intelligence seemed 
normal, and he presented no mental or emotion- 
al changes. His face was expressionless, and 
movements were slow; otherwise the cranial 
nerves were negative. The tendon jerks of the 
left arm were livelier than those of the right, 
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B 


Case vu. Amaurotic idiocy. a. Lateral view. Bs. Anteroposterior view. 


The marked cerebral and cerebellar atrophy is well shown. 


those of the legs were bilaterally quite active, 
and the right plantar had a tendency to be 
extensor at times. There was a definite weak- 
ness of all muscle groups of the left arm and 
hand and irregular myoclonic twitchings of the 
fingers of the left hand at rest, and the slightest 
stimulation of any part of the left forearm 
would produce a myoclonic jerk. There was a 
tremor of the outstretched left hand and a slight 
terminal tremor on finger-to-nose test. A gen- 
eralized lead-pipe rigidity was present but in 
the extensors of the right arm, the flexors and 
extensors of the left arm, the rotators of the left 
forearm, and the flexors and extensors of both 
wrists, a cogwheel quality was perceptible. 
Sensation was normal throughout. His gait 
was slow and stiff without associated arm 
movements and with a slight waddling move- 
ment at the hips. With the aid of the slit-lamp 
a yellowish-green line adjoining the limbus of 
both corneae was seen—the Kayser-Fleischer 
ring of corneal pigmentation. In this case a 
definite diagnosis is, of course, impossible, but 
the association of an extrapyramidal syndrome 
with a ring of greenish corneal pigmentation 
suggests a chronic progressive lenticular degen- 
eration, either of the nature of Wilson’s disease 
or the pseudosclerosis of Westphal. 

Under nitrous oxide anesthesia encephalog- 
raphy was performed, 130 c.c. of cerebrospinal 
fluid being removed and an equal quantity of 


air introduced into the spinal subarachnoid 
space through the Bleckwenn tube. Roentgeno 
grams taken immediately following the pro 
cedure showed a considerable amount of air in 
the sulci over the cortex of the brain, suggesting 
a cortical atrophy. The most significant finding, 
however, was an enlargement of the anterior 
horns of both ventricles due to diminution of 
the shadow cast by the caudate nuclei (Fig. 12). 
The bodies, posterior and inferior horns of the 
ventricles, appear to be quite normal in size. 

The lateral wall and sloping floor of the 
anterior horn of the lateral ventricle is 
formed by the head of the caudate nucleus. 
Since the rostral extremity of this horn 
swings laterally to become anterior to the 
head of the caudate nucleus, this part of 
the ventricular system is represented in 
encephalograms and ventriculograms by 
two shadows, the more medial, superim- 
posed upon that of the body of the ventricle 
being quite dark and triangular in shape, 
and the lateral, also triangular but inverted 
and faint. The latter shadow is frequently 
either ignored or its significance miscon- 
strued" even in roentgenological texts, but 
as Torkildsen and Penfield” point out it 
represents the tip of the anterior horn, and 
its internal medially sloping border is 
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Fic. 12. Case vit. Lenticular degeneration. a. Lateral view. 8. Anteroposterior view. The cortical atrophy, 
particularly of the parietal region with a normal ventricular system except for dilated anterior horns, is 
well shown in the lateral view. The anteroposterior view shows the atrophy of the caudate nuclei. 


formed by the head of the caudate nucleus 
as it encroaches upon the anterior horn of 
the ventricle. 

Although children are subjected to much 
more cerebral trauma than adults, it is 
relatively infrequent that serious sequelae 
are seen. The milder after-effects so often 
present in adults—the so-called post-trau- 
matic syndrome of headache, dizziness, 
visual disturbances and inability to con- 
centrate—are practically never complained 
of by children under the age of ten years. 
Occasionally a child between ten and fifteen 
will have such residua, but only 2 such 
cases have presented themselves at the 
Clinics during the past five years. 


Case 1x. E. W. (90537). An eleven year old 
girl was admitted to the hospital with the com- 
plaint of continuous severe frontal and vertex 
headaches, aggravated by the use of her eyes, 
dizziness and inability to concentrate, following 
an accident one year previously. At that time 
the patient had been unconscious for ten days, 
and in a semistuporous condition for several 
weeks. Recovering from this state, she suffered 
from constant daily headaches and attacks of 
dizziness. General physical and neurological 
examination was quite negative. Routine blood 
examination and urinalysis were normal; blood 


and spinal fluid Wassermann reactions were 
negative. 

Under general ether anesthesia an encepha- 
lography was performed. The initial spinal fluid 
pressure with the patient lying on the right 
side was go mm. of spinal fluid. After removing 
65 c.c. of spinal fluid a somewhat larger quan- 
tity of air was injected into the subarachnoid 
space, using the syringe method. Roentgeno- 
grams taken immediately after this procedure 
revealed a normal ventricular system, but 
showed a somewhat increased amount of air 
over the vertex and in the sulci of the hemi- 
spheres (Fig. 13). 

A mild headache was present for several 
hours after the encephalography, but then the 
patient was completely relieved from all dis- 
tress, and for the first time in a year had ab- 
solutely no headache. The case has not been 
followed long enough so that any prognostic 
statement may be made, nor can we be sure 
that the symptomatic relief will be permanent. 
Encephalography has been proposed in these 
cases as a therapeutic measure by Penfield.” 

Another case of traumatic cerebral in- 
jury with a more severe sequel is presented 
because of an extremely interesting enceph- 
alographic finding. 

Case x. G. G. (85212). A boy, aged eleven, 
was admitted to the University of Chicago 
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Fic. 13. Case 1x. Post-traumatic syndrome. A. Lateral view. B. Posteroanterior view. The ventricular system 
is normal, but the cortex shows a mild atrophy. 


Clinics because of a paralysis of the left side 
of the body since the age of five. At that time 
he fell and drove a nail into the right side of 
his head. A craniotomy was performed and the 
foreign body removed. He recovered with a 
complete left hemiplegia and a marked aphasia. 
The speech defect rapidly disappeared, and the 
left leg regained sufficient strength to enable 


the patient to walk fairly well. General physical 
examination was negative except for the neuro 
logical status. The left arm could only be 
moved at the shoulder, and the forearm was 
held in the typical hemiplegic posture. The 
tendon reflexes on the left were exaggerated, 
and the plantar response was extensor. There 
was a marked clasp-knife rigidity of the left 


Fic. 14. Case x. Cerebral laceration. a. Lateral view. 


B 


B. Posteroanterior view. The sinus tract leading to the 


right ventricle can be followed from a small area of cortical atrophy underlying the defect in the skull in the 


right parietal region. 
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arm, and to a lesser extent in the left leg. No 
sensory changes were present and the visual 
fields were full. 

Under ether anesthesia encephalography was 
performed, 75 c.c. of spinal fluid being removed 
and 65 c.c. of air injected through the Bleck- 
wenn tube. Roentgenograms taken immediate- 
ly after the procedure showed a bony defect in 
the right parietal region, a dilatation not quite 
symmetrical of the bodies of both ventricles 
with a slight displacement to the right, a con- 
siderable amount of air underlying the bony 
defect and a sinus tract filled with air leading 
from the collection of air into the body of the 
right lateral ventricle. This was interpreted as 
showing a communication between the sub- 
arachnoid space over the right cortex and the 
right ventricle, probably along the path of the 
nail (Fig. 14). This sinus is particularly inter- 
esting in view of the fact that the boy has never 
had any convulsions. It represents the spon- 
taneous formation of what Foerster and Pen- 
field'® have attempted to produce surgically by 
cortical extirpations of epileptogenic zones 
carried down to the ventricle for the treatment 
of certain cases of epilepsy. 
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SUMMARY 


1. The indications, contraindictaions, 
technique, and immediate after-effects of 
encephalography are discussed. 

2. Mental retardation and the cerebral 
infantile palsies are described from an 
etiological standpoint, and an attempt is 
made to explain the varied encephalo- 
graphic findings on this basis. Examples 
of the various types are presented. 

3. The roentgenographic findings in the 
special types of idiocy after air injection 
are illustrated. 

4. The encephalographic findings in the 
convulsive state are discussed. 

5. The encephalograms of two examples 
of degenerative diseases of the central 
nervous system are shown, both presenting 
interesting features from a _ diagnostic 
standpoint. 

6. Examples of mild and severe sequelae 
of cerebral trauma in childhood are pre- 
sented. 


REFERENCES 


1. Battey, P. Intracranial Tumors. Charles C 
Thomas, Springfield, Il., 1933, p. 15. 

BinceL, Apo.r. Encephalographie, eine Meth- 
ode zur réntgenographischen Darstellung des 
Gehirns. Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1921-1922, 28, 205-217 

. Bocin, M., Hoizsacer, T. G., and Kramer, B. 
Encephalography in children. 4m. F. Dis. 
Child., 1931, 42, §26-534. 

4. Bucuanan, D. N. Value of encephalography in 
determining cerebral function. Arch. Neurol. 
Psychiat., 1933530, 951. 

Bucnanan, D.N., 4m. Ff. Dis. Child. (in press). 

6. Cottier, J. S. The pathogenesis of cerebral 
diplegia. Brain, 1924, 47, 1-21. 

. Crotuers, B., Voct, E. C., and Exey, R. C. 
Encephalography in cases with fixed lesions of 
the brain. 4m. F. Dis. Child., 1930, 40, 227- 
246. 

. Cusine, H. The intracranial tumors of pre- 
adolescence. 4m. F. Dis. Child., 1927, 33 
551-584. 

a. Cusninc, Harvey. Some aspects of the path- 
ological physiology of intracranial tumors. 
Boston M. & 8. F., 1909, 767, 71. 

. Danny, W. E. Ventriculography following the 
injection of air into the cerebral ventricles. 
Ann. Surg., 1918, 68, 5-11. 


to 


co 


~ 


10. Danny, W. E. Roéntgenography of the brain 
after the injection of air into the spinal canal. 
Ann. Surg., 1919, 70, 397. 

11. Davis, L. Intracranial Tumors, Roentgenologi- 
cally Considered. P. B. Hoeber, New York, 
1933. 

12. Foerster, O. Encephalographische Erfahrun- 
gen. Ztschr. f. d. ges. Neurol. u. Psychiat., 
1924-1925, 94, 512-584. 

13. Foerster, O., and Penrietp, W. Structural 
basis of traumatic epilepsy and results of radi- 
cal operation. Brain, 1930, 53, 99-119. 

14. Grant, F. C. Ventriculography and encephal- 
ography. Arch. Neurol. & Psychiat., 1932, 27, 
310-1341. 

1s. Gurrmann, L. Moglichkeiten und Grenzen der 
Encephalographie bei zerebraler Kinder- 
lahmung. Fortschr. a. d. Geb. d. Réntgenstrah- 
len, 1929, 40, 965-978. 

16. Gutrmann, L. Die Bedeutung der Encephal- 
ographie fiir die Diagnose und Therapie der 
cerebralen Kinderlahmung. Med. K/in., 1930, 
26, 886-887. 

17. Herpricu, L. Die Encephalographie und Ven- 
trikulographie. Ergebn. d. Chir. u. Orthop. 
1927, 20, 156-265. 

18. Herrmann, G. Ueber Liquorveranderungen 


455 
t 


456 


nach Lufteinblasung. Med. Kiin., 1922, 78, 
1146. 

ig. JaANnsky, J., and Mystivecek, Z. Beitrag zur 
familiaren amaurotischen Idiotie. Arch. /. 
Psychiat., 1918, 59, 668-680. 

20. KoscHEwNikorr, A., and FraenkKeEL, S. Ueber 
Encephalographie. Ztschr. f. d. ges. Neurol. u. 
Psychiat., 1926, 103, §93-625. 

1. Kruse, F. Cerebrale Krankheiten des Kinde- 
salters in typischen Encephalogrammen. Fr- 
gebn. d. inn. Med. u. Kinderh., 1930, 37, 333 
464. 

22. Luckett, W. H. Air in the ventricles of the 

brain, following a fracture of the skull. Surg., 
Gynec. &§ Obst., 1913, 17, 237-240. 


te 


22a. Masserman, J. H. Intracranial hydrodynam- 
ics. ¥. Nerv. & Ment. Dis., 1934, 80, 138. 

23. Pancoast, H. K., and Fay, T. Encephalogra- 
phy; roentgenological and clinical considera-. 
tions for its use. AM. J. Ro—ENTGENOL. & Rap. 
THERAPY, 1929, 2/7, 421-447. 

24. Penrietp, W. Chronic meningeal (post-trau- 

matic) headache and its specific treatment by 


A. Earl Walker a 


lumbar air insufHation; encephalogray 
Surg., Gynec. ObSt., 1927, 45, 747-759. 

24a. SCHALLER, W. F. The propriety of diagnostic 
lumbar puncture in intracranial hypertension, 
F. Neurol. &§ Psychopath., 1933, 14, 116-12 

25. TorKILDSEN, A., and PenrieLp, W. Ventricu 
lographic interpretation. Arch. Neurol. 
Psychiat., 1933,30, 1011-1024. 

26. Srewart, W. H. Fracture of the skull with air 
in the ventricles. Am. J. RoENTGENOL. & 

Rap. THERAPY, 1913, 7, 83-87. 

27. Vincent, CLovis, Rappoport, and Berpet, H. 

Sur l’encéphalographie gazeuse par voice 
lombaire. Rev. neurol., 1933, 7, 1070-1096 

28. WarRTENBERG, R. Encephalographische Erfahr 
ungen. Ztschr. f. d. ges. Neurol. u. Psychiat. 
1924-1925, 94, 585-628. 

29. WipeRGg, S. Om intraspinal luftinjektion og om 
dens diagnostiske betydning ved rygmary 
slidelser, saerlig ved svulster. Norsk. Mag. f. 
Laegevidensk., 32, 491-495. 


30. Yasin, J. C. A case of cerebellar agenesis with 
interesting roentgen observations. /rch. 
rol. &§ Psychiat., 1929, 22 


Vor. XXXII, No. 4 


THE CALCIUM STREAM AS CONCERNED WITH 
THE HEALING OF FRACTURES" 


By JOHN J. MOORE, Major, Medical Corps, | Army, 
ana 
ALFRED A. DE LORIMIER, Captain, Medical Corps, l Army 


WASHINGTON, D. 


INTRODUCTION 

CONCEPT as to the “calcium stream” 

is important when dealing with any 
condition concerned with the metabolism 
of bone. The skeleton is no longer consid- 
ered a fixed framework, very slowly con- 
structed and thereafter persistently dur- 
able except for the gradual “‘wearing away”’ 
incident to old age, or except for relatively 
unusual conditions such as erosions pro 
duced by neoplasms or fantastic dissolu 
tions effected by hyperactivity of the para- 
thyroids or other glands of internal secre- 
tion. It is now realized that bone is truly 
a type of tissue, and, being such, is subject 
to both anabolic and catabolic processes. 
During the constructive or anabolic stages 
we might consider that the calcium ing 
is directed toward bone. Conversely, de- 
pletion or catabolism of bone is nek 
with increased excretion of the osseous 
elements (calcium and phosphorus, in par- 
ticular)—in which case we might consider 
the “calcium stream”’ to be flowing away 
from bone. In the adult, alternations of 
these processes are probably far more fre- 
quent than usually considered. 

By means of roentgenographic and bio- 
chemical studies, previously reported,” we 
have attempted to visualize these consid- 
erations by contrasting catabolic manifesta- 
tions versus resistance to osseous depletion 
under varied conditions. Parathormone ad- 
ministration plus the state of acid balance 
or acidosis per se (produced by the admin- 
istration of ammonium chloride) were seen 
to effect depletion of osseous architecture. 
There, it was believed, the flow of the 
Osseous inorganic constituents was away 
from bone. Under conditions of alkaline 
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balance (as produced by the administra- 
tion of sodium bicarbonate), whether or 
not parathormone was concurrently in- 
the skeleton maintained its archi- 
tecture, and where there had been deple- 
tion of it because of other treatment, al- 
kalinization (dietary) along with increased 
calcium administration was seen to effect 
a rapid reconstruction of trabeculations. 
This latter observation impressed us as 
striking evidence of actual guidance of 
the inorganic stream to the skeleton and 
it prompted further studies along lines 
where control of the anabolic 
might be observed. 

Several have 
attacked the subject of ossification by in 
vitro experiments. We have attempted in 
vivo observations which roentgenography 
and collaborative biochemical analyses 
have made possible. We have observed the 
comparative healing of fractures under 
ample calcium, phosphorus and vitamin 
supply in three groups of rabbits: (1) where 
the generalized tissue balance was main- 
tained within the normal range; (2) where 
there was effected a shift to the acid side, 
and (3) where an alkaline balance was 
produced. 


processes 


EXPERIMENTAL 

The diet consisted of three parts of barley 
(for copious phosphorus supply) and one part 
of corn, daily; cabbage was given once a week. 
As dunens on the charts, after control observa- 
tions, calcium gluconate, lactose and cod-liver 
oil were added at frequent intervals. These 
were given by intubation as previously de- 
scribed.% After reception of the catheter into 
the stomach, 1 c.c. of cod-liver oil was in- 
jected from one Sy ringe; 7-5 C.C. of 3 per cent 
calcium gluconate was added from another; 
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then 10 c.c. of 10 per cent lactose solution was 
added from a third syringe, and the catheter 
was washed with ¢ c.c. of water before it was 
withdrawn. The particular reason for the use 
of lactose was to induce prolonged fermentation 
in the small intestine, thereby promoting the 
absorption of calcium and phosphorus, as sug- 
gested by Inouye” and Bergeim.® 

The urine and feces*? were separated and 
collected, using a series of screens and collecting 
troughs, as previously described. Analyses of 
the urine** were made from three day com- 
posites. For calcium and inorganic phosphorus 
determinations of the blood** the drop method 
(using a marginal vein of the ear) was used, 
but for the pH and CO, content determinations, 
the blood was aspirated from the marginal 
veins (using a No. 25 gauge needle and a tuber- 
culin syringe) and immediately submerged in 
mineral oil, so that there was no contact of 
the blood with air. 

*2 Fecal analyses are not included in this report because of 
the wide variations in the excretion values; since the exogenous 


amounts varied greatly according to the appetites no added in 
formation could be seen. 

*8 The urine calcium was determined by a method which was 
similar to that described by Shohl and Pedley.* The preliminary 
oxidation with persulphate was omitted. It was found that sub- 
stances which interfered with the precipitation of calcium oxalate 
could be removed by adding sufficient trichloracetic acid to pre- 
cipitate albuminous matter, and sufficient calcium-free norit to 
remove coloring matter. The urinary inorganic phosphorus was 
determined according to the method of Fiske and Subbarow." 

**The blood calcium was determined according to the 
method of Van Slyke and Sendroy.** The blood inorganic phos- 
phorus was determined according to the method of Youngburg 
and Youngburg.*? A modification of Cullen’s method" was used 
for the pH determinations; the colors were compared visually 
and also by slide wire resistances between two photoelectric cells. 
The CO, combining power was determined according to the 
method of Van Slyke and Neill.* 
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The roentgenographic technique was similar 
to that previously described. The kilovoltage 
was reduced to 30, the milliamperage was 35, 
the time 8 seconds and the distance 18 inches. 
Cardboard holders were used and the precau 
tions taken that the tube be of smallest focal 
spot dimension. 

Litter mates were alloted to represent each 
of the three groups. All of the rabbits were less 
than a year old. After etherization, the frac- 
tures were made by a gradual bending but all 
attempts failed to produce the desired green- 
stick type. In earlier studies a tibia was broken 
and the fragments positioned so as to produce 
a slight angulation. Immobilization was effected 
by coaptation splints and by tying the splinted 
extremity to the trunk, allowing the rabbits 
to hobble about on the other three extremities. 
However, separation and overriding of the 
fragments entailed, by this method, the ques- 
tion of possible additional factors which might 
have been concerned with the healing processes: 
the contact of the fragment ends; the degree 
of hemorrhage; interposed tissues, etc. It was 
because of these reasons that later studies were 
made on the metatarsals. Here the alinement 
was more uniform and, with the use of plantar 
splints, the rabbits were able to move about in 
a normal manner in order to effect the usual 
degree of impact. 

RESULTS 

Figure 1 shows the comparative ossifica 
tion of representatives of the earlier stud 
ies. Figure 1, A, ghows a homogeneous ossi- 
fication throughout the callus; a sturdy 


A B 


Fic. 1. Comparative ossifications of callus in tibial fractures: a, where the reaction of the chyme was shifted 
to the acid side by fermentation and the tissue balance maintained at normal alkalinity; 8B, where sodium 
bicarbonate was added to the diet to increase the alkalinity of both the chyme and the tissue balance, 


c, where ammonium chloride was added to the diet to decrease the alkalinity of both the chyme a1 


tissue balance. 
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Fic. 2. Biochemical changes and type of ossification 
able and the tissue balance normally alkaline 


healing. Such was the result obtained in the 
controls—that is, where calcium gluconate, 
lactose, and cod-liver oil were added to a 
diet which was well sustaining and sufficient 
in phosphorus content. Figure 1, 
the results when sodium 


B, shows 
carbonate was 
added to the regimen. Here the ossification 
appears less uniform, and the fragments 
could be more easily manipulated. When 
ammonium chloride was added instead of 
sodium bicarbonate, there was conspicuous 
evidence of a generalized deossification, as 
previously reported,”’ and the ossification 
of the callus was more delicate as shown in 
Figure 1, c. 

Figure 2 concerns another “‘control rab 
bit” of the same regimen as followed in the 
case of Figure 1, A. It will be noted that 
with the intubations of calcium gluconate 
and lactose, beginning on the nineteenth 
experimental day, the blood calcium and 
inorganic phosphorus levels were sustained, 
and there was a moderate increase in the 
“overflow” 
the kidneys. It might be inferred that there 
occurred an ample bathing of the osseous 
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seen in the “‘control”’ 


of these elements by way of 


cases: where the diet was ferment- 


. Note: a, a homogeneous ossification of the callus. 


tissues by their inorganic elements. The 
pH and CO, content of the blood showed 
no conspicuous changes. Roentgenograms 
made four weeks after fracturing the meta- 
tarsals showed a homogeneous ossification 
of the callus and the metaphyseal extrem- 
ities of the long bones showed normal os- 
seous reserves. 

Figure 3 concerns another rabbit of the 
sodium bicarbonate regimen. This rabbit 
was selected for alkalinization because of 
the low pH and CO, content values of its 
blood, noted during preliminary stages in 
the experiment. After alkalinization the pH 
was elevated from 7.24 to 7.46, and the CO, 
content was increased from 25.6 volume 
per cent to 55.8 volume per cent, but, as 
shown on the chart, the blood calctum was 
reduced from 14.7 to 10.9 mg. per 100 c.c. 

with the characteristic inverse elevation 
of the inorganic phosphorus. The urinary 
excretions of calcium and inorganic phos- 
phorus continued at a minimum. This pic- 
ture suggested that there was either a lack 
of assimilation of the elements or that there 
was a rapid excretion of them by way of the 
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Fic. 3. Biochemical changes and type of ossification seen in the ‘“‘alkaline”’ cases: where sodium bicarbo1 
was added to the diet to increase the alkalinity of both the chyme and the tissue balance. Note: 4, 
uniform callus showing defects at B. 
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Fic. 4. Biochemical changes and type of ossification seen in the “‘acid” cases: where ammonium ch 


was added to the diet to decrease the alkalinity of both the chyme and the tissue balance. Note: a, very 
inadequate callus with conspicuous defects at B. 
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colon. Roentgenograms made on the twen 
ty-eighth day after fracture showed a less 
uniform ossification of the callus than seen 
in the controls. 

Figure 4 concerns another rabbit of the 
ammonium chloride regimen. It will be 
seen that its blood pH was reduced from 
7.38 to 7.23 and CO, content from 33.8 to 
29.4 volume per cent. Regardless of this 
shift of balance to the acid side, the blood 
calcium was reduced from 15.1 to 12.8 mg. 
per 100 c.c. Urine analyses showed in- 
creased excretions of both calcium and 
phosphorus. This picture suggested a bath 
ing of the tissues by these elements to an 
extent even greater than indicated in the 
control group. Nevertheless, roentgeno 
grams made twenty-eight days after the 
fractures, in these cases, showed very feeble 
attempts toward ossification of the callus; 
there was very inadequate union. Else- 
where the skeleton showed evidence of de 
ossification. 

DISCUSSION 

These observations emphasize several 

aspects as to the assimilation and utiliza 


tion of the osseous inorganic elements. 
When the diet and additional administra- 
tions were such as to allow an acid medium 
in the intestines (by lactose fermentation) 
and an alkaline tissue balance, there re- 
sulted an increase in the urinary excretion 
of calcium and inorganic phosphorus, and 
since there was no evidence of osseous de- 
pletion (instead a furthering of ossification 
of callus), there was evidently an increased 
assimilation of these elements through the 
intestinal wall. Though the excretions were 
greater when ammonium chloride was ad- 
ministered, it was found that the blood 
values for the calcium and inorganic phos- 
phorus were decreased; moreover, the os- 
sification of callus was delayed and there 
was a generalized deossification of the 
skeleton. The assimilated calcium, in this 
second situation, then, was not utilized 

the calcium stream was directed away 

*5 Due to loss of alkaline ash, there results an acid balance. 
Chis has teen observed by us in cases where normal saline was 
administered. There occurred a reduction in the pH and CO, 
tension of the blood; increased elimination of calcium and phos- 


phorus by the kidneys and a hypocalcemia (even to the degree 
of producing tetany). 
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from the skeleton. (It should be mentioned 
that calcium chloride will produce a com- 
parable acid balance and though it should 
be of value in those cases of tetany where 
the hypocalcemia is due to alkalosis, it 
would not be expected to act as an agent 
for the supply and utilization of calcium 
in ossification.) The fact that some ossifica- 
tion did occur is not inconsistent with this 
general idea; it is reasonable to believe 
this to be due to a relative alkaline balance 
in the callus or to the added stimuli re- 
sulting from reaction to the injury. When 
sodium bicarbonate was added to the diet, 
there is evidence that assimilation was ham- 
pered (doubtless due to the precipitation 
of insoluble calcium and phosphorus com- 
pounds because of the alkalinity of the 
chyme), and though the blood calcium was 
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decreased there appeared at least favor- 
able utilization of the osseous elements in 
the skeleton—that is, in this third situa- 
tion, the “calcium stream” though relative- 
ly reduced, was directed toward bone. In 
brief, this evidence emphasizes the fact 
that for assimilation of calcium and phos- 
phorus the chyme in the small intestine 
should be acid, but for the utilization of 
these elements, the tissue balance should 
be alkaline. 

The diagram shown on page 461 may 
serve to illustrate the ideas concerned clinic- 
ally with the absorption and the utilization 
of calcium. 
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THE RELATION OF THE SHAPE OF THE HEART TO 
THE SHAPE OF THE CHEST* 
WITH SPECIAL REFERENCE TO THE ANTEROPOSTERIOR DIMENSION 
AND THE MORPHOLOGY OF VARIOUS NORMAL HEART TYPES 


A CONTRIBUTION TO THE QUESTION OF ACCURACY OF ORDINARY 
ROENTGENOLOGICAL METHODS OF HEART MEASUREMENT* 


By H. ROESLER, M.D. 


PHILADELPHIA, PENNSYLVANIA 


INTRODUCTION 


HE heart is a three dimensional 
irregular body. Linear or area measure- 
ments in the planes obtained by orthog- 
onal projections are obviously inaccurate. 
The position of the heart within the chest 
varies considerably in different individuals. 
Therefore the ratio of its dimension in the 
direction of a given projection to its dimen- 
sion perpendicular to this direction also 
varies. This fact increases the amount of 
inaccuracy in linear or area measurements. 
The present status of roentgenological 
heart measurement with its common lim- 
itation to one plane is unsatisfactory. The 
goal of all measurement is the determina- 
tion of the volume of the heart. The present 
study, based upon orthodiagraphic meas- 
urements of 150 normals, attempts to 
bridge over some of the gaps between uni- 
dimensional (and single area) measure- 
ments and volumetric determinations. 
The original problem was to determine 
the ratio of the anteroposterior diameter 
of the heart, as shown in the lateral view, 
to the transverse and oblique diameters 
as shown in the anterior view. Correlation 
of these measurements with chest measure- 
ments proved to be of further value. 


METHOD 


All measurements are taken orthodia- 
graphically in the diastolic phase and dur- 
ing the short pause after shallow expira- 
tion. When measurements in the lateral 
position are made the following procedure 
is used. The beam of roentgen rays is shut 
down to a small vertical slit and centered 


for the ventral and dorsal chest contour 
respectively. A correct lateral position is 
obtained by rotating the patient slightly 
until the sternal shadow in front, together 
with adjacent bony parts, and both pos- 
terior rib cage shadows in the back, show 
a minimum in thickness and a maximum 
of overlapping. The arms hang down. When 
measurements are taken in the ventral 
half of the chest they are held slightly 
backward. They are held slightly forward 
when measurements are being made in 
the dorsal half of the chest. 

To facilitate the tabulation of results, 
the following abbreviations have been 
used: 

Hp—The anteroposterior diameter of 
the heart, the “depth” of the heart. Tangents 
are drawn through the most ventral and 
most dorsal point of the heart silhouette, 
as seen in the lateral position. The dorsal 
point is always easily determined. The 
ventral point is more cephalic and is just 
below the plane where the heart shadow 
fuses with the sternal shadow. The line 
between these two marks is drawn. It forms 
a rather small angle with the horizontal 
plane. The ventral mark corresponds al- 
ways to the right ventricular border, the 
dorsal mark always to the left ventricular 
border (Fig. 1). 

H,,—The transverse diameter of the 
heart, the “width” of the heart; the sum 
of the distances from the midline to the 
most remote right and left heart contour 
(anterior view). 

Hp:H,,—Called for convenience the 
“depth ratio of the heart.” 


* From the Departments of Roentgenology and Medicine, Temple University Hospital, Philadelphia, and Herzstation, Vienna. 
Austria. Presented before the Radiological Conference, Philadelphia, January 28, 1933. 
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H,—The oblique, long diameter of the 
heart, the “length” of the heart; drawn 
from the intersection between the right 
atrium and superior vena cava or ascend- 
ing aorta to the remotest part of the apical 
portion (anterior view). 

Hp:H,—A ratio which has certain in- 
terest in connection with the “‘depth ratio” 
of the heart. 

H,,:H,—A ratio which determines to a 
certain degree the heart shape; a high 


figure is obtained in the transverse type of 
heart, a low figure in the vertical type of 


heart. 


Chp—The anteroposterior diameter of 


the chest, the “depth” of the chest. The 
distance from the posterior contour of the 
bony part of the sternum to the anterior 
contour of the bony spine, measured at 
the same level where the Hp 1s taken 
(lateral view). 

Chr,—The transverse diameter of the 
chest, “width” of the chest. Measured 
crosswise between the inner bony contours 
of the rib cage at the level of the right 
costophrenic angle (anterior view). 

Chp:Chr,—Called for convenience the 
“depth ratio of the chest.” 

Chuei—The height of the chest. Meas- 
ured from the dome of the right leaf of 
the diaphragm to the inner contour of the 
posterior part of the second rib (top of the 
apical portion of the lung) (anterior view). 

Chiei: Chy,—Called for convenience the 
“height ratio of the chest.” 

Position of the diaphragm—Determined 
by the relation of the right leaf of the 
diaphragm to a posterior rib or intercostal 
space in horizontal projection, at the ex 
piratory phase of shallow respiration. 

In order to facilitate the reading of the 
tables, along with reading of the text, a 
system of coordinates has been chosen. 
Arabic numerals refer to the vertical col- 
umns and letters to the horizontal rows in 
the tables. Figures in parenthesis, as used 
in Tables v1, vit, 1x, refer to average figures 
to be looked up in Table 1. 
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MATERIAL 


One hundred and fifty healthy individ- 
uals were studied. None of them showed 
any amount of depression of the sternum. 
There were 94 men, 56 women. The lowest 


> 


Fic. 1. Schematic drawing of the roentgenologic ap- 
pearance of the heart and chest as seen in the left 
lateral view. The diameter of the depth of the 
heart (//p) is indicated. It connects the left ven- 
tricular contour, posteriorly, with the inner con- 
tour of the sternum, anteriorly, just below where 
the sternal shadow fuses with the right ventricular 
contour of the heart. 


age was fifteen, the highest fifty-two years. 
These persons came in for medical exam- 
ination partly on account of subjective 
symptoms, localized at or referred to the 
heart region; partly they were engaged in 
athletics and sent in for routine examina- 
tion. A complete clinical examination was 
made in each case and as far as possible 
any pathology, especially of the heart, was 
excluded. 

In order to find out whether or not the 
adolescents could be used to gain figures 
for the general average and range of vari- 
ation and whether or not they present any 
special features they are treated sepa- 
rately in Table 1. 
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ANALYSIS 
Discussion of, and results from, Table I: 


(1) In comparing the age group from fifteen 
to seventeen years with that beyond eighteen 
years (b with a, e with d) we see, of course, that 
the average body weight is lower and notice 
in addition that the male group is about 5 cm. 
less in height (5-ab). Out of the columns 7—1 5 we 
notice that the differences between these two 
age groups are everywhere less than 5 per cent, 
often almost nil. There is a difference of about 
10 per cent in (16-ab) and in (17-ab); these 
measurements, however, are less important, 
dealing with the height of the chest only, with- 
out containing figures referring to the heart. 
This increased difference originates apparently 
in the smaller average height of the male 
adolescent group (5-ab). 

The conclusion is that the results are very 
similar for both the adolescent and adult group. 

(2) In comparing the sex groups we notice 
of course the differences im height, weight, and 


Relation of Shape of Heart to Shape of Chest 467 


in the absolute heart and chest figures. In 
age there is only slightly more than one. year’s 
difference (4-cf). In comparing the average 
ratios (columns g, II, 12, 15, 17) we can see 
that the differences are extremely small, less 
than 5 per cent, sometimes almost nil. 

The conclusion is that as to certain ratios be- 
tween heart diameters, chest diameters and 
heart-chest ratios, practically no differences are 
found between men and women. Thus, for 
certain further studies on these ratios, averages 
gained from both sex groups can be used. 

(3) It follows from (7): The average size of the 
anteroposterior diameter of the heart is 8.7 cm. 


for men and 7.8 cm. for women. A considerable 


range of variation exists (7-abde). The maxi- 
mum and minimum figures for men are 10.7 and 
6.7 cm., for women g.6 and 6.3 cm. respectively. 

It follows from (9): The average antero- 
posterior diameter is somewhat less than three- 


fourths of the average transverse diameter (aver- 


age 73.0 per cent; 73.6 per cent for men, 71.8 
per cent for women). 


Me 

10 
of 


50.055.0 % 551-60.0% 601-650% 65.1- 70.0% 


7O1-75.0 % 


85.1-90.0% 


751-60.0% 80.1-85.0% 


Fic. 2. The graphs represent distribution curves. The number of cases are plotted on the abscissa; on the 
ordinate the depth diameter of the heart (/7p) taken in the lateral view, expressed in per cent of the trans- 
verse diameter (H/7,) and of the oblique or long diameter (/7;) both taken in the anterior view. The solid 
lines represent the /p: Hr, ratio; the broken lines the Hp: H,, ratio. m= male f= female. 
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TaBLe II 
Hp: Hr, Hp:H; 
total total 
m. f. sum] m. f. sum 
§0.0-55.0% | 2 3 5 
§§.1-60.0% I I 9 9 18 
60.1-65.0%| 8 4 i 26 1g 41 
65.1-70.0% | 21 15 36 | 25 16 41 
70.1-75.0% | 21 S51 | 28 9 37 
75.1 -80.0% 16 2¢ 6 6 
80.1-85.0% | 12 5 7 2 2 
85.1-go.0o% 7 I 
150 1§ 


Table 1. The numerical figures for the range of variation of 
the ratio of the depth of the heart to its transverse 
diameter and oblique or long diameter respectively are 
given. Transcribed into a graphic form they appear 
again in Figure 2 in the form of distribution curves. 


The range of variation of the depth ratio of 
the heart (//p:Hr,) is seen in Table ur. A low 
figure, e.g. 60 per cent, indicates that the 
anteroposterior diameter is relatively small as 
compared with the transverse diameter: In a 
horizontal cross section this heart would appear 
to be relatively flat. A high figure, e.g. 85 per 
cent, indicates that the anteroposterior diam- 
eter is relatively large as compared with the 
transverse diameter: In a horizontal cross sec- 
tion this heart would appear to be relatively 
round. 

It can be furthermore stated: Jn approxi- 
mately nine-tenths of all cases (97.3 per cent) the 
anteroposterior diameter may be of from 62.5 
to 85.0 per cent* of the transverse diameter. 

The distribution curve is given in Figure 2. 

It follows from Table 1, column 11: The 
average anteroposterior diameter is almost ex- 
actly two-thirds of the average oblique diameter 
(average 66.3 per cent; 67.4 per cent for men, 
64.1 per cent for women). 

The range of variation for (Hp:H_) is seen 
in Table nm. A low figure, e.g. 60 per cent, in- 
dicates that the anteroposterior diameter is 
relatively small as compared with the oblique 
diameter: In an oblicue section this heart would 
appear to be relatively flat and long. A high 
figure, e.g. 85 per cent, indicates that the 
anteroposterior diameter is relatively large as 
compared with the oblique diameter: In an 
oblique section this heart would appear to be 
relatively thickset and short. 


* Intervals of 2.5 per cent have been figured out but are not 
given in the table. 
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TaBLe_E III 
m. f, 
Average Hp 8.7 cm. 8 cm. 
av. Hp:av. Hr, 73.6% 71.89 
av. Hp:av. AL 67.4% 64.1% 
66.2% 


In 91.3% of all the cases the //p may vary from 
62.5-85.0% of the H7, 

In 92.6% of all the cases the //p may vary from 
$5.0-75.0% of the H, 


Table 111. This table gives the condensed results of meas 
urement. The upper half of the table shows the average 
figures of the depth diameter of the heart and of its 
ratio to the transverse and oblique or long diameters 
respectively. In the lower half of the table the range 
of variation of these ratios is presented. 


It can be further stated: Jn approximatel) 
nine-tenths of all cases (92.6 per cent) the antero- 
posterior diameter may be from 55.0 per cent to 
75.0 per cent of the oblique diameter. 

The distribution curve is given in Figure 2. 
It corresponds to the figures in Table 11. 

The condensed results are given in Table 111. 

(4) It follows from Table 1, column 15: Th: 
average anteroposterior diameter of the chest is 
two-fifths of the average transverse diameter of the 
chest (average 41.5 per cent, identical for men 
and women). 

(5) The rest of the table (13-17) is needed for 
the reading of Tables v1, vir and 1x. 


Discussion of, and results from, Table rv: 


The whole material into 
height groups, separately for men and women. 
In comparing the total average figures for 
height with the total average figures for Hp 
(as well as for H7,) for each group respectively, 
an increase in Hp (as well as in H7,) is noted 
with an increase in height for the 3 male and 
the first 2 female groups (c-4, 6, f-4, 6, 1-4, 6, 
m-4, 6, p-4, 6): the 3rd female group does not 
follow this rule (s-4, 6). But it is seen that 
whereas in the former groups the total average 
figures for the weight increase with the total 
average figures for the height (c-4, 5,f-4,5, 1-4; 
5, m-4, 5, p-4, 5), this is not the case in the lat- 
ter group (sp-ss). This makes it probable 
that the weight factor rather than the height 
factor is decisive for the increase in Hp (and 


was subdivided 


Hr,). Therefore each height group was sub- 
groups with relatively high 


divided into 2 
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oex Group cases 


m. 
e 24 
ITT. 25 
| 12 


m 

n 14 

8) 14 
p 

13 
q 
r 

S 


average 
max. 
min. 
average 
maxX, 
min. 


average 


average 


average 
max. 
min. 


average 


averag 
max. 
min. 

average 
max. 
min. 


average 


average 
max. 
min. 

average 
max. 
min. 

average 


average 
max. 
min. 

average 
max. 
min. 


average 


average 
max. 
min. 

averag 
max. 
min. 

average 


Height, 


cm. 
150-164 
T50.1 
O 
159.71 
165-174 
105.2 
160.7 
103.0 
175-184 
179 | 
140-159 


45.4 
150-159 
153.2 
154.2 
160-170 
T0?.0 
IO4.7 
104.2 
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and low weight averages respectively (5) and 
for each of these subgroups the corresponding 
height average was determined (4). With the 
exception of the first male group (4-ab) the 
differences in the average height figures for 
these subgroups are small or almost zero. Thus 
the isolated influence of the weight factor can 
be studied. If we compare now (de-4, 5, 6, 
gh-4, 5, 6, no-4, 5, 6, qr-4, 5, 6) we see definitely 
that the size of Hp (as well as of H7,) is, for 
the same or almost the same height, in direct 
relation to the body weight; high figures for 
body weight are found with high figures for 
Hp (and Hr,). 

The following conclusion can be stated: With 
increase in height the figures for Hp (as well 
as those for //r7,) increase. This, however, is 
mainly due to the corresponding increase in 
body weight. 


Discussion of, and results from, Table rv: 

The whole material was subdivided into 
weight groups, separately for men and women. 
In comparing the total average figures for 
weight with the total average figures for Hp 
(as well as for H,7,) for each group respectively, 
an increase in Hp (as well as in H7,) is noted 
with increase in weight (c-4,6, f-4, 6, 1-4, 6, 
m-4, 6, p-4, 6, s-4, 6, v-4, 6). It is seen that an 
increase in the total average figure for weight 
in each group is accompanied by an increase in 
the total average figure for height. In a similar 
way each weight group was subdivided into 2 
groups with relatively high and low height 
averages respectively (5) and for each of these 
subgroups the corresponding weight average 
was determined. The 2nd and 4th male group 
and the 2nd and 3rd female group show small 
differences in the average weight figures, zero 
or even negative (by “negative” is meant a 
decrease instead of increase in body weight, 
with increase in height). Thus the isolated 
influence of the height factor can be studied. If 
we compare now (de-4, 5, 6, kl-4, 5, 6, qr-4, 5, 6, 
tu-4, 5, 6) we see that for the same or almost 
the same weight the size of Hp (as well as of 
(Hr,) is poorly correlated with the height; an 
increase in height may go with either higher 
or lower figures for Hp (as well as for H7,). 

The following conclusion can be stated: 
With the increase in weight the figures for Hp 
(as well as those for Hy,) increase. The cor- 
responding increase in height has, of itself, 
within certain weight groups, no measurable 
influence. 
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Discussion of, and results from, Table vr: 


The depth ratio of the heart, Hp:Hr,, was 
determined for each of the 150 cases and 2 
groups were formed, one male and one female. 
Within these groups the cases were arranged in 
descending order of depth ratio. One-eighth 
of all cases from either end of these groups were 
chosen to represent maximal deviations from 
the average. Two times 12 men (about } of g4) 
and 2 times 7 women ({ of 56) have thus been 
studied in the table. One group, for convenience 
called a, represents those cases where the 
figures of the depth ratio were low. The other 
group, called B, represents the cases with high 
figures for the depth ratio. Group a represents 
cases with hearts flatter (in cross section) and 
broader (in the anterior view) than the aver- 
age. Group B represents cases with hearts 
deeper (in cross section) and narrower (in the 
anterior view) than the average. 

In comparing these groups we find first that 
the body weight in group a is higher than in 
group B (6-ag, 6-ci), group A keeping above, 
group B keeping below the average. 

(1) The absolute figures for /7p are smaller for 
group A as compared with group B (7-ag, ci) 
and are smaller than the total average figures 
(7-ab, cd); the figures for group B are larger 
than the total average figures (7-gh, ik).—It 
is noted that the average //p for women in 
group B (7-1) is larger than the average //p 
for men in group A (7-c). 

The absolute figures for 7, are larger for 
group A as compared with group B (8-ag, ci 
and they are larger than the total average 
figures (8-ab, cd); the figures for group B are 
smaller than the total average figures (8-gh, 
ik). It is noted that the average //7, for men 
in group B (8-g) is smaller than the average //; 
for women in group A (8-c). 


It follows necessarily from (7, 8) that as com- 
pared with the total average figures the depth 
ratio of the heart is smaller for group 4 (g-ab, 
ed) and larger for group B (9-gh, ik). Or to ex- 
press it otherwise: Hp is proportionately 
smaller than Hr, for group A (g-ef) and _ pro- 
portionately larger for group B (9-lm). 

The absolute figures for //; are larger for 
group A as compared with group B (10-ag, Cl) 
and they are larger than the total average 
figures (10-ab, cd); the figures for group B are 
smaller than the total average figures (10-gh, 
ik).—It is noted that the average //, for women 
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TABLE V 
I 2 4 
No. of Weight, Height, 
Sex Group cases kg. cm. Hp Hy 
21 40-59 150-172 
a 16 average 52.2 158.7 y.7 0.9 
max, 10S. 
min. 150. 
) average 56.0 108.0 17.0 
max, 
min. 166. 
€ average 54.0 103.2 70.0 
60-69 158-153 
d average 04.9 105.0 
max. 169. 
min. 158. 
e 14 average 173-5 
max. 183 
min. 170. 
m. 
IIT. at 70-79 163-184 
g 12 average 72.0 109.9 Q.1 
max, Wit 
min. 163. 
h 13 average 179.0 ).0 12.4 
max. 134. 
min. 176.¢ 
average 174.0 ).0 
IV. 80-97 172-18} 
k average $4.6 174.8 10.1 13.3 
max. wis 
min. 
| 4 average 83.5 181.5 ).4 13.1 
max. 103. 
min. 178. 
m average 177.7 g.d 13.2 
40-49 142-155 
n 5 average 42.4 144.0 10.5 
max. 147. 
min. 14 
6 average 47.2 150.4 
max. 15s. 
min. 148. 
p average 45.0 147.2 7.0 IO. 3? 
29 50-59 1g0-168 
q 14 average 53-7 148.8 7.8 10.0 
max. 
min, 14 
r 15 average 54.0 100.4 Aff 10.5 
max. 1608. 


min. 158. 


+71 
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TaB_Le V 
1 2 3 
No. of 
Sex Group cases 
s average 
16 

t 8 average 
max. 
min. 

u 8 average 
max. 
min. 

Vv average 


H. Roesler 


OcTOBER, 1924 
(Continued) 
4 5 6 "7 
Weight, Height, 
kg. cm. Hp Hy, 
54.2 154.8 7-7 10.5 
60-72 147-108 
67.1 153.2 8. 11.8 
157.0 
147.0 
65.1 162.9 8.2 IT. 
168.0 
158.0 
66.1 158.1 


Table v. The total material is subdivided into weight groups. From these, two subgroups are formed which give th 
figures for height, for depth and transverse diameter. Average figures are italicized. 


in group A (10-c) is larger than the average //; 
for men in group B (10-g). 

It follows necessarily from (7, 10) that as 
compared with the total average figures the 
ratio Hp:H, is smaller for group a (11-ab, cd) 
and larger for group B (11-gh, ik). Or to ex- 
press it otherwise: Hp is proportionately smaller 
than //, for group a (11-af) and proportionately 
larger than H/, for group B (11-lm). 

It follows from (12) that the single average 
and total average figures for the ratio H7,:H, 
are almost identical for group a with the 
values given in Table 1 (12-ab, cd, ef) (minimal 
tendency for Hy, to increase over H,). The 
ratio Hy,:H, has slightly fallen off for group B 
(12-gh, ik, Im) indicating that Hy, has de- 
creased slightly more than //, did. 

(2) The absolute figures for Chp are smaller 
for group A as compared with group B (1}3-ag, 
ci), and they are smaller than the total average 
figures (13-ab, cd); the figures for group B are 
larger than the total average figures (13-gh, 
ik). It is noted that the average Chp for 
women in group B (13-1) 1s larger than the 
average Chp for men in group A (13-a). 

The absolute figures for Chr, are larger for 
group A as compared with group B (14-ag, ci) 
and they are a trifle larger than the total aver- 
age figures (14-ab, cd); the figures for group B 
are smaller than the total average figures (14- 
gh, ik). 

It follows necessarily from (13, 
compared with the total average 
depth ratio of the chest is smaller 
(15-ab, cd) and larger for group B (15-gh, ik). 
Or to express it otherwise, Chip is proportion- 
ately smaller than Chy;, for group a (15-ef) 


14) that as 
figures the 
for group A 


and proportionately larger than Chr, for group 
B (1S5-lm). 

The absolute figures for Chy.; as compared 
with the total average figures are larger for 
men in both groups, (16-ab, gh), and smaller 
for women in both groups (16-cd, ik). 

The height ratio of the chest (Chy.;: Chr,) 
as compared with the total average figures is 
larger for men in both groups, (17-ab, gh); for 
women it is smaller in group A (17-ed) and 
larger in group B (17-ik). These findings are 
understood when one compares (16-1-16-k) and 
(14-1-14-k). As compared with the total average 
figures the height ratio of the chest has prac 
tically not changed for group a and has in- 
creased for group B. 

Results from Table vur(column “‘a’’): 

It is to be noted that for the cases in both of 
these two groups relatively high, normal, and 
relatively low diaphragm positions occur. (The 
very slight tendency for the male group in B 
to show lower average diaphragm position is 
not sufficient to permit conclusions.) 

The following conclusions can be drawn re 
garding groups A and B of Table vi (1g cases 
each) representing the maximum variations in 
the depth ratio of the heart from the average 
for the total of 150 cases. 

Group a (with a low depth ratio): The 
anteroposterior diameter is 


absolutely de- 


creased, the transverse and oblique diameters 
absolutely (and equally) increased. The depth 
ratio, Hp:Hr,, is 64.7 per cent instead of the 
average of 73.0 per cent; the ratio Hp://, be- 
comes 59.4 per cent instead of the average of 
66.2 per cent. Chp has absolutely decreased 
(with a slight tendency to an increase of Chr,). 


| 

} 

SOS 

| 

| 

| 


Heart to Shape of Chest 


+ 


Relation of Shape O 


4 


XXXII, No 


VoL. 


JOQUWIAS 94} 


O1S 


ul 


S¢ ad 


4 “dol. 


MO] B 


yidaq 


ds 


6S 


“O Yy 


“H | "H:4H 


“HH 


yey AAB|Y UI 


6 
v°O r¢ 
6 QR I 

) 

(8 

TR I 
Q "RR I 

) 

‘ 


puso 


IM oui SJUISSIIGII anor) ul petpnys 


IIIM Soe. 


Iv oy) JO yid Io J »p4so SUIPUIISIP ul 


oF 


UBIIV ISIN SEM | 


it AB) 


S 


wold] SUOLPIAIP je uw Sul 


"Ty 


IBRIDAB 
Je IGRIIAR 
62 
. 
21 
IBPIOAR 
| 
\ SOSPD 


OYM “1A 2 


“ul 


xag 


73 
472 
+ + + + cy + + + + 
- 
| t 
-+ + ~ 
| | : 
+ 
| | 
| 
| 
a 
ci = | | 


474 H. Roesler 


OcToBER, 1934 


TaBLe VII 


The dome of the right leaf of 
the diaphragm corresponds (a) 
to the horizontal level Group A 

of the posterior 


gth rib I I 
gth intercostal space I 

m. 1oth rib 
1oth intercostal space 


te 


4 4 
11th rib I 5 
gth rib 4 I 
gth intercostal space I 
f. <1oth rib I 4 
10th intercostal space 1 2 
rib I 


Group B 


(b) (c) 


Group A' Group B! Group C Group D 


I 2 
4 3 | 3 
| 
2 5 3 5 
5 I I 2 
I | 
| 
I I I I 
+ 4 
3 
2 I | I I 


Table vu. The position of the diaphragm is charted. (a) (b) (c) refers to cases appearing also in Table vi (Hp: Hr, ratio), 
(Hp:H_ ratio) and 1x (Chp:Chr7, ratio), respectively. 


The body weight is higher than the average. 
There is no uniformity as to diaphragm posi- 
tion and chest height. 

Group B (with a high depth ratio): The 
anteroposterior diameter is in- 
creased, the transverse and oblique diameters 
absolutely decreased (the transverse relatively, 
more than the oblique). The depth ratio 
Hp:Hr,, is 83.9 per cent instead of the average 
of 73.0 per cent and the ratio Hp: H, becomes 
71.7 per cent instead of the average of 66.2 
per cent. Chp has absolutely increased. Chr, 
absolutely decreased. The height ratio of the 
chest, Chy.i:Chr,, has increased. The body 
weight is lower than the average. There is no 
uniformity as to diaphragm position and chest 
height. 

Thus, a close relationship exists between the 
heart and the chest: A flatter, broader and 
longer heart goes with a flat chest. A deeper, 
narrower and shorter heart goes with a narrow 
(proportionately high) chest. 


Discussion of, and results from, Table vit 


The Hp:H_, ratio of the heart was deter- 
mined for each of the 150 cases and 2 groups 
were formed, one male and one female. Within 
these groups the cases were arranged in de- 
scending order of the Hp:H, ratio. One- 
eighth of all cases from either end of these 
groups were chosen to represent maximal devi- 
ations from the average. Two times 12 men 
(about $ of 94) and 2 times 7 women (} of 56) 
have thus been studied in the table. One group, 


for convenience called a! represents those cases 
where the figures of the //p://, ratio were low. 
The other group called B! represents the cases 
with high figures of this ratio. Group a! repre 
sents cases with hearts flatter (in cross section) 
and longer (in an oblique section and in the 
anterior view) than the average. Group B! rep- 
resents cases with hearts deeper (in cross sec 
tion) and shorter (in an oblique section and in 
the anterior view) than the average. 

In comparing these groups we find first that 
the body weight in group a! is lower than in 
group B! (6-ag, ci), group a! keeping slightly 
below, group B! keeping above, the average. 

(1) The absolute figures for 7p are smaller 
for group a! as compared with group B! (7-ag, 
ci) and are smaller than the total average 
figures (7-ab, cd); the figures for group B! are 
larger than the total average figures (7-gh, ik). 
It is noted that the average Hp for women in 
group B' (7-1) is larger than the average //p 
for men in group a! (7-c). 

The absolute figures for /7; are larger for 
group A! as compared with group B! (1o-ag, 
ci) and they are larger than the total average 
figures (10-ab, cd); the figures for group B' 
are smaller than the total average figures (10- 
gh, ik).—It is noted that the average //, for 
women in group a! (10- c) is practically equal to 
the average //, for men in group B! (10-g). 

It follows necessarily from (7, 10) that as 
compared with the total average figures the 
Hp:H, ratio is smaller for group a! (11-ab, 


cd) and larger for group B! (11-gh, ik). Or to 
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express it otherwise: //p is proportionately 
smaller than //; for group a! (11-ef) and 
proportiontely larger for group B! (11-lm). 

The absolute figures for //7, are slightly 
smaller for group a! as compared with group 
B! (8-ag, ci) and they are a trifle smaller than 
the total average (8-ab, cd); the figures for 
group B are a trifle larger than the total average 
figures (8-gh, ik,). 

It follows necessarily from (7, 8) that as 
compared with the total average figures the 
ratio Hp://7, is smaller for group a! (g-ab, cd) 
and larger for group B'(g-gh, ik,). Or to express 
it otherwise: //p is proportionately smaller than 
Hr, for group a! (g-ef) and proportionately 
larger than //7, for group B (g-lm). In other 
words, there is a fairly close correlation be- 
tween ratio H/p:Hr, and ratio Hp:H,. 

It follows from (12) that the ratio H7,:H, 
decreases for group a! (12-ab, cd, ef) and in- 
creases for group B! (12-gh, ik, Im). 

2) The absolute figures for Chp are smaller 
for group A! as compared with group B! (13- 
ag, ci) and they are smaller than the total 
average figures (13-ab, cd); the figures for 
group bs! are larger than the total average 
figures (13-gh, ik). It is noted that the average 
Chp for women in group B! (13-1) is larger than 
the average Chp for men in group A! (13-a). 

The absolute figures for Chr, are a trifle 
smaller for group at as compared with group 
sp! (14-ag, ci) and they are a trifle smaller than 
the total average figures (14-ab, cd); the figures 
for group B' are almost the same as (a trifle 


smaller than) the total average figures (14-gh, 
ik). 
It follows necessarily from (13, 14) that as 


compared with the total average figures the 
depth ratio of the chest is smaller for group a! 
(15-ab, cd) and larger for group B! (15-gh, ik). 
Or to express it otherwise: Chp is proportion- 
ately smaller than Chr, for group a! (15-ef) and 
proportionately larger than Chr, for group 
B' (15-lm). 

The absolute figures for Chy.; as compared 
with the total average figures are larger in 
group A! than in group B! (16-ag, ci); and they 
are larger than the total average figures (16- 
ab, cd); the figures for group B! are almost the 
same as (trifle smaller than) the total average 
figures (16-gh, ik). 

It follows necessarily from (14, 16) that as 
compared with the total average figures the 
height ratio of the chest, Chyei: Chr, is larger 
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for group a! (17-ab, cd) and almost equal 
trifle smaller) for group sB! (17-gh, ik). Or to 
express it otherwise: Chy,; is proportionately 
larger than Chr, for group a! (17-ef) and . 
most unchanged (a trifle smaller) for group x 
(17-Im). 

Results from Table vir (column ‘“‘b’’) 

It is noted that for the cases in both of these 
groups, relatively high, normal, and relatively 
low diaphragm positions occur; however, the 
average diaphragm position is somewhat lower 
in group a! than in group B', both for men and 
women. 

The following conclusion can be drawn re- 
garding groups a! and B! of Table vit (1g cases 
each) representing the maximum variations in 
the Hp:H, ratio from the average for the total 
of 150 cases: 

Group a! (with a low H»:H, ratio): The 
transverse diameter is slightly decreased (ab 
solutely). The Hp:H, ratio is 56.7 per cent 
instead of the average of 66.2 per cent; the 
ratio Hp:Hr, becomes 66.1 per cent instead 
of the average of 73.0 per cent. Chp has ab- 
solutely decreased (Chr, shows a minimal de 
crease). The height ratio of the chest, Chy.;: 
Chr, has increased. The body weight is lower 
than the average; the diaphragm tends to be 
low, although different positions occur. 

Group B! (with a high Hp:H, The 


ratio): 


anteroposterior diameter is absolutely in- 
creased, the oblique diameter absolutely de- 
creased. The transverse diameter is slightly 


increased (absolutely). The Hp:H, ratio is 
75.7 per cent instead of the average of 66.2 per 
cent; the ratio Hp:H7, becomes 80.2 per cent 
instead of the average of 73.0 per cent. Chp has 
absolutely increased (Chr, remaining practi- 
cally unchanged). The height ratio of the chest, 
Chuei:Chr, remains unchanged. The body 
weight is higher than the average. 

A close relationship is again found to exist 
between the heart and the chest: A flatter, 
longer (and slightly narrower) heart goes with 
a flat (and high) chest. A deeper, shorter (and 
slightly wider) heart goes with a deeper chest. 


Discussion of, and results from, Table rx: 


The depth ratio of the chest (Chp: Chr) 
was determined for each of the 150 cases and 2 
groups were formed, one male and one female. 
Within these groups the cases were arranged in 
descending order of the depth ratio. One- 
eighth of all cases from either end of these 
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TABLE X 


Heart Chest 


shallower 
| slightly abs. wider 

slightly rel. shorter 


abs. shallower abs. 
abs. or rel. larger 


abs. or rel. longer 


than the 
average 


abs. deeper abs. 
abs. or rel. smaller 


abs. or rel. shorter 


deeper 
abs. or rel. smaller 
rel. higher 


than the 
average 


Table x. Within the range of normal, hearts and chests are 
found to deviate from the average shape. In correlating 
the shape of such hearts with the respective chests or 
the shape of such chests with the respective hearts, a 
close formal relationship is found between the organ 
and its surrounding cavity and between the cavity and 
its inclosed organ, respectively. 


groups were chosen to represent maximal devi- 
ations from the average. Two times 12 men 
(about } of 94) and 2 times 7 women (} of 56) 
have thus been studied in the table. One group, 
for convenience called c, represents those 
cases where the figures for the depth ratio were 
low. The other group, called p, represents the 
cases with high figures for the depth ratio. 

Group c represents cases with chests flatter 
(in cross section) and broader (in the anterior 
view) than the average. Group | D represents 
cases with chests deeper (in cross section) and 
narrower (in the anterior view) than the aver- 
age. 

As might be expected there is some duplica- 
tion of cases in the corresponding heart and 
chest groups (4-c, B-p), but this is not striking. 
The a and c groups (each Ig cases) have only 
§ cases in common, 3 men and 2 women; the 
B and p groups (each Ig cases) have only 6 
cases in common, 3 men and 3 women. From 
this it can be stated that in our material the 
cases with extremely high depth ratio for heart 
and chest respectively, and with extremely 
low depth ratio for heart and chest respectively, 
are for the greater part not identical. 

In comparing groups c and p we find first 
that the body weight in both groups comes 
rather near to the average (6-ag, 6-ci, 6-ab, cd, 
gh, ik). 

(1) The absolute figures for Chp are smaller 
for group c as compared with group pb (13-ag, 
ci) and are smaller than the total average 
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figures (13-ab, cd); the figures for group D are 
larger than the total average figures (13-gh, 
ik).—It is noted that the average Chp for 
women in group D (13-1) is larger than the 
average Chp for men in group c (13-c). 

The absolute figures for Chr, are larger for 
group c as compared with group D (14-ag, ci) 
and they are larger than the total average 
figures (14-ab, cd); the figures for group D are 
smaller than the total average figures (14-gh, 
ik). 

It follows necessarily from (13,14) that as 
compared with the total average figures the 
depth ratio of the chest is smaller for group ¢ 
(15-ab, cd) and larger for group p (15-gh, ik). 
Or to express it otherwise: Chp is proportion- 
ately smaller than Chr, for group c (15-ef) and 
proportionately larger for group p (15-lm). 

The absolute figures for the height of the 
chest demonstrate either no 
negligible ones (16). 


differences or 


It follows necessarily from (14, 16) that as 
compared with the total average figures the 
ratio Chy.;:Chr, is smaller for group c (17- 
ab, cd) and is larger for group bD (17-gh, ik). 
to express it otherwise: Chy.; is proportion: sil 
somewhat smaller than Chr, for group c (17-ef) 
and propertionately larger than Chr, for group 
D 

) The absolute figures for 7p are smaller for 
m3 ¢ as compared with group pb (7-ag, ci) 
and they are smaller than the total average 
figures (7-ab, cd); the figures for group D are 
larger than the total average figures (7-gh, 
ik). -It is noted that the average //p for women 
in group D (7-i) Is larger than the average Hp 
for men in group c (7-c). 

The absolute figures for //;, show negligible 
differences except that the women in group D 
have an Hr, which is smaller than the averag 
(8-ik). 

It follows from (7, 8) that as compared with 
the total average figures the depth ratio of the 
heart is smaller for group c (g-ab, cd) and larger 
for group D (g-gh, ik). Or to express it in other 
words: Hp is proportionately smaller than 
Hy, for group c (g-ef) and proportionately 
larger for group D (g-Im). 

H, (like Hr,) does not behave uniformly. 
No differences are noted for men in either 
(absolute) 


group. Women demonstrate higher 
figures for group c as compared with group D 
(10-ci) and they are larger than the total aver- 
age figures (10-cd); the figures for group D are 
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smaller than the total average figures (10-ik). 

It follows necessarily from (7, 10) that as 
compared with the total average figures the 
ratio Hp:H, is smaller for group c (11-ab, cd) 
and larger for group D (I! oh, ik). Or to express 
it otherwise: /7p is proportionately smaller than 
H, for group c (i1-ef) and proportionately 
larger than #7, for group pb (11-lm). 

It follows from (12) that as compared with 
the single and total figures the ratio Hy,:/7/, 
shows practically no differences for either gr up 


TABI 
Hp:Hr, Hp 
No. of ases 
Low 19 04.7 59.4 
Ratio (120 
73-0 
(g6 
High 1g $7.9 
Ratio (120 7 
Low 19 66.1 cf 
Ratio 
15 2 ( 
(96 56 
High 19g 80.2 7 
Ratio 
Low 19 67.6 ( 
Ratio (1207 79) 
' 
(g6 
High 19 4 ) 


Ratio 979) 


lable x1. The condensed results from the Tables v1 
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/ 


(12-ag, ci) and no deviation from the average 
(12-ab, cd, ef, gh, ik, Im). 

Results from Table One 
sees that for the cases in both of these two 
groups relatively high, normal and relatively 
low diaphragm positions occur. 


(column 


Returning to Table 1x, the following con- 
clusion can be drawn regarding the two groups 
of 19 cases each, representing the maximum 
variations in the depth ratio of the chest from 


the average for the total of 150 cases. 
XI 
Chp:Chy Chi 
O7 
30.2 85.2 Heart Shallower 
Larger 
Longer 
41.5 84.5 Chest Shallower 
46.5 Heart Deeper 
Smaller 
Shorter 
Chest Deeper 
Smaller 
Rel. higher 
38.3 gl.4 Heart Shallower 
Longer 
Chest Shallower 
Higher 
53.0 Heart Deeper 
Shorter 
Chest Deeper 
5.5 82.9 Chest Shallower 
Larger 
Heart Shallower 
41.5 84.5 Larger | 
Longer 
50.4 89.4 Chest Deeper 
Smaller 
Rel. higher 
Heart Deeper 


Smaller R 


el. 
Shorter 


, vitt and 1x are given. The upper third of this table refers to the data 
in Table v1, the middle third to those in Table vit, the lower third to those in Table 1x. The 


italicized figures indicate 


the ratio from which the analysis was started; the other figures in each horizontal line give the corresponding values 


for the three other ratios. Ratios are given for the tot 
deviations. The right end of the table gives th 
maximal deviations from the average. 


al material as well as for the groups of cases representing maximal 
ppearance of hearts and chests from the group of cases which showed 


t 
| 
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TABLE XII 


Author and 


No. of Cases ethod 


m. 


Klason—1 50 | Orthoprojection 
| of the heart into | 
horizontal | 
| plane 
Kahlstorf—120} Lateral view 
| Horizontal 
| diameter 


middle 

9-3 

so | Lateral view 
| Oblique 
diameter 


average 
8.7 (8.3) 


All figures in parentheses refer to the adolescent group. 


9.4 8.1-8. 


7.8 (8) 


Depth of the heart (cm.) 


m. f. 
max. min. max. min. 
11.5 9.0 10 ye 
| 
| 
| 
| 10.9 | 7-6 | 10.5 7 
10.8 (9.4) | 6.7 (7.2) 9.6 (9.0) | 6.5 (6.3 


Table x11. Figures obtained for the depth of the heart by three authors. A different method was used by each. 


Group c (with a low chest depth ratio): The 
anteroposterior diameter of the chest is ab- 
solutely decreased, the transverse diameter 
absolutely increased. The depth ratio (Chp: 
Chr,) is 35.5 per cent instead of the average of 
41.5 per cent. Hp shows an absolute decrease 
and H,, and H, an equal relative increase. The 
depth ratio of the heart (//p: Hr,) becomes 67.6 
per cent instead of the average of 73.0 per cent 
and the ratio Hp:H, becomes 61.1 per cent in- 
stead of the average 66.2 per cent. 

Group bD (with a high chest depth ratio): The 
anteroposterior diameter of the chest is ab- 
solutely increased, the transverse diameter 
absolutely decreased, the height relatively in- 
creased. The depth ratio (Chp:Chr,) is 50.4 per 
cent instead of the average of 41.5 per cent and 
the ratio becomes 70.9 per cent instead 
of the average of 66.2 per cent. 

No appreciable difference as to the body 
weight exists between these two groups and no 
differences as to the average diaphragm posi- 
tion. 

Again, a close relationship between chest 
and heart has been demonstrated: A flatter and 
broader chest goes with a flatter and pro- 
portionately broader and longer heart. A 
deeper, smaller and proportionately higher 
chest goes with a deeper and proportionately 
smaller and shorter heart. 

Thus, it has been shown that cases selected 
for maximal deviation of heart depth ratio and 
chest depth ratio (respectively), from the 


flatter (slightly wider) and (slightly lower) chest 


average figures for the total material, reveal a 
definite correlation which may be expressed as 
follows: 

With a flatter, wider and longer heart goes a 


and vice versa. 

With a deeper, narrower and shorter heart 


goes a deeper, narrower and (slightly higher) 


chest, and vice versa. 

These results are more distinctly shown in 
Table x. 

The condensed results from the Tables v1, 
vill and 1x are given in Table x1. 


DISCUSSION 


Anatomic considerations. Vhere are two 
anatomic studies available in which the 
anteroposterior development of the heart 
was compared with figures obtained in the 
frontal plane. 

Pitter determined the proportion of the 
width of the heart to its thickness and 
found it to be 1:0.72. But since his deter- 
mination of width may or may not coincide 
with the roentgenologic determination of 
H,, his findings cannot be well compared 
with our findings (1:0.73). 


Brocq and Mouchet examined 100 nor- 


mal hearts in the age groups of twenty-five 
to forty years. They were surprised by the 
differences in types which these hearts re- 
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presented. They make the statement that 
they found longer hearts and shorter, more 
globular ones: They studied the length of 
the heart (interventricular anterior axial 
diameter) as well as the width of the heart 
(auriculoventricular transverse diameter) 
and found the following distribution: 


Length of the heart 
less than 8 


> mm. 2% 
80-89 mm. 1g % 
g°O-99 mm. 47% 
100-109 mm. 29% 

more than 109 mm. 2 


Width of the heart 
less than 80 


mm. 5% 
mm. 36% 
g°0-99 mm. 44% 
100-109 mm. 15% 
They called the product of long dia- 


meter/broad diameter X100, the ventric- 
ular index. As to this index the 100 cases 
showed the following distribution: 


Number of cases Index 
less than 80 
47 99-99 
13 IOI-—109g 
4 more than 109 


The index was less than 100 in 73 per 
cent of all cases; these represented the 
elongated type of heart, the vertical di- 
mension being definitely above the trans- 
verse dimension. An index less than go in- 
dicates great elongation, more than 90 a 
moderate degree of elongation. The index 
was equal to 100 in Io per cent of all cases, 
representing the shorter type of heart. The 
index was higher than 100 in 17 per cent, 
representing the globular type of heart, 
the transverse dimension being definitely 
above the vertical dimension. These ana- 
tomic findings support in a far reaching 
way our own results from the roentgen- 
ological study. 

Spee showed on anatomic cross sections 
that the form of the circumference of the 
heart is in close relationship to the form 
of the circumference of the chest. Hearts 
which are located in rounder chests have 
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a more circular, those in flatter chests a 
more oval circumference. He pointed out 
furthermore that the finding of a relatively 
short diameter in the roentgenologic sil- 
houette, as observed in one plane, does not 
necessarily permit the diagnosis of a small 
circumference. 

None of these anatomical studies were 
known when our own study was under- 
taken. 

The correlation between skeletal type 
and the form and position of all organs 
placed within its cavity has been stressed 
by Dikansky. In addition to the well-known 
fact that the vertical position of the heart 
is seen In narrow chests and the transverse 
position in broad chests, he found that if 
the chest is narrow from side to side (small 
transverse diameter) the arch of the aorta 
shows a sagittal course and the origins of 
aortic and pulmonary arteries are nearer 
together. If the chest is flat anteroposter- 
iorly (reduced depth of the chest), the 
arch of the aorta has a more frontal course 
and the origins of the two large vessels 
are farther apart. 

Anatomico-roentgenological considerations. 
In studying cross section specimens and 
illustrations of the chest taken at different 
levels of the heart one always obtains the 
following impression: The most ventral 
point of the anterior heart contour is near 
the midline, immediately behind the ster- 
num or near its lateral borders. From here 
the heart contour slopes away from the 
inner aspect of the chest wall, more mark- 
edly so on the left side. It seems improbable 
that this should be so in the upright posi- 
tion of the living. In palpating and in- 
specting healthy persons with a thin chest 
wall and with wide intercostal spaces we 
can perceive heart action to the left of the 
sternum. Although these precordial pulsa- 
tions do not present the heart action itself 
(they are indirectly caused by the underly- 
ing heart), one often gains the impression 
that the most ventral portions of the heart 
muscle are slightly in front of a plane laid 
through the posterior surface of the ster- 
num. Palmieri, by his roentgenological 
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volumetric reconstruction of the heart, has 
actually shown that the anterior contour of 
the heart is more ventral than the plane of 
the posterior surface of the sternum. The 
inner surface of the anterior chest wall is 
not smoothly concave; there is some de- 
pression caused by the sternum. For this 
reason we have excluded, for the purpose 
of this study, all cases which showed a 
slightly more pronounced, though still 
physiological, depression of the sternum. 
Krom the standpoint of the roentgeno- 
logical measurement of the depth of the 
heart, this slight anterior bulging of the 
heart with respect to the plane of the pos- 
terior surface of the sternum is important; 
measurement of heart depth in the hori- 
zontal plane as used by some authors in- 
troduces an error due to the acceptance of 
the posterior aspect of the sternum as iden- 
tical with the anterior aspect of the heart. 
This error becomes almost negligible with 
the method proposed here where an oblique 
line is drawn, the ventral end of which is 
more cephalic than the caudal end, so that 
it meets the inner sternal border shortly 
below the point of fusion of heart and ster- 
nal shadows. 

The conception we gain from our ana- 
tomic studies as to the relationship of the 
heart to the anterior chest wall is erroneous 
because all examinations have been and 
are done on cadavers in the horizontal, 
recumbent position and it is well known 
that the heart falls back from the anterior 
chest wall. The numerical expression of 
the difference between actual heart depth 
and the distance between the posterior 
contour of the left ventricle and the inner 
sternal border, should be determined ana- 
tomically by the following technique: 
Fixation of the body in the upright position 
immediately following death, and cross 
sections in a plane sloping slightly from 
the front to the back. 

Roentgenological considerations. Moritz 
determined in 1905 the depth of the heart 
orthodiagraphically. He demonstrated that 
with the change from the recumbent to the 
standing position its size diminishes, just 
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as that taken in the anterior view. Achelis, 
in the course of heart size determination of 
patients with tuberculosis of the lungs, 
points out that an increased heart area, as 
observed in some patients with flat chest, is 
compensated by adiminished diameter of 
the depth of the heart. In two women, each 
164 cm. in height and 58 kg. in weight, with 
sternovertebral diameters of 15 and 20 cm., 
the areas in the anterior view were found 
to be 109 and 84 cm. respectively; the 
corresponding figures for the depth of the 
heart were 7 and 10.7 cm. On the other 
hand, two men with a height of 175 cm., 
a body weight of 61 and 83 kg. and a sterno 
vertebral diameter of 17.5 and 23 cm. re- 
spectively showed an almost identical 
heart area in the anterior view—140 and 
137 cm.?; the corresponding depth figures 
however were 7.5 and 12.2 cm. respectively. 
The first attempt to determine the antero- 
posterior extension of the heart for the 
purpose of a volumetric determination was 
made by Rohrer. He started out with the 
principle that the volume of a body of any 
shape equals the product of the area meas- 
urement of its parallel projection and the 
mean linear extension in the direction of 
projection. The area is measured from the 
plane of the sagittal orthodiagram. The 
mean thickness (mean length of all rays 
penetrating the object studied) cannot be 
determined but there is a relation between 
the largest diameter in the transverse 
(lateral) orthodiagram and the desired 
mean thickness: The mean thickness =k X 
greatest thickness, where K is a constant 
the value of which depends upon the shape 
of the object. For instance, for a cylinder 
in horizontal position with spherical or 
elliptic base, K becomes 1; for a paraboloid 
in oblique position, 0.59; for a spheroid, 
0.66. The constant K depends upon the 
angulation of the main axis of the heart 
and upon the general shape of the heart. 
Rohrer chose a constant of 0.63 as being 
in between the paraboloid and spheroid. 
The heart volume would be the area of the 
sagittal orthodiagram Xthe greatest depth 
X0.63. The greatest depth was measured 
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in a horizontal plane. In 7 normal cases he 
found the depth to be from 6.6 to 10 cm. 
and determined the volume for healthy 
adult men as 471 to $75 c.c., the average 
being 520 c.c. Zehbe, without giving any 
figures, pointed out very clearly the prob- 
lem: 

Hearts which give us a globular appearance in 
the anterior view are not necessarily also glob- 
ular in the lateral view: they may be rather 
disc-like. .. . On the other hand, a drop heart 
may have quite aconsiderable extension in depth 
and these hearts, when judged by the trans- 
verse diameter only, are likely to be called 
asthenic. In the majority of cases the two will 
correspond to each other; a heart which ap- 
pears to be increased in the anterior view will 
appear increased in the lateral view also and the 
heart which is small in the anterior view will 
also be small in the lateral view. . .. But this 
should not be presumed to be always so; the 
reverse may be true. Therefore, when judging 
the heart and its size, it is one’s duty to under- 
take the examination not only in the anterior, 
but also in the lateral view. 

Palmieri has made a very important ex- 
perimental contribution. He constructed a 
heart model out of plaster-of-Paris and 
attached it at its posterior surface to a 
ball joint. This model had a volume of 
about 450 c.c. and was placed in a beam 
ot light emitted from a point source 4.5 
meters distant. The position of this heart 
model was changed by rotations and in- 
clinations so as to correspond to the differ- 
ent possible positions of the heart within 
the chest and measurements were taken on 
the shadow cast by this model. For five 
different positions the transverse diam- 
eter varied from 9.6 to 11.6 cm., the 
oblique diameter from 11.1 to 12.7 cm., 
the area from 68 to 83 cm.2, and the antero- 
posterior diameter from 7.6 to 8 cm. Identi- 
cal figures could be obtained for any given 
diameter or for the area, from hearts of 
different volume if certain positions were 
chosen. It was furthermore obvious that 
those points along the heart surface which 
produce the heart silhouette did not corre- 
spond with the line representing a maximal 
frontal section of the heart and were not 
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situated in any common plane. Laubry, 
Mallet and Hirschberg examined hearts 
roentgenologically, not in a straight lateral 
position but in 85° left anterior oblique 
position, and determined the horizontal 
diameter of the heart shadow in this posi- 
tion. For 12 cases, aged twenty to forty- 
nine years, they found figures of from 6.4 
to 11.7 cm. This diameter was found to 
be 70 per cent of the chest diameter taken 
in the same position. Bazett and Sands 
studied the decrease of the heart size in 
dogs as obtained by atropine. This decrease 
was not identical in the two planes, being 
17 per cent in the anterior and only 12 per 
cent in the lateral view. Cignolini, in try- 
ing to work out a mathematical formula 
for the volumetric determination of the 
heart, determined the depth diameter of 
the heart in a left anterior oblique position 
(no statements are made as to the degree 
of rotation). The volumetric formula he 
gave is v=4.18 Xtransverse diameter/2 
Xlongitudinal diameter/2Xdepth  dia- 
meter/2. Eyster used, for some of his pre- 
diction formulae, examination in the lateral 
plane also. He gives a formula for the sum of 
the transverse diameters of the frontal and 
lateral planes based on age, height and 
weight; also for age, height, weight, and 
three thoracic measurements. He states 
that if the lateral silhouette is used, the ex- 
actness as to the prediction for normal cases 
is slightly improved. Hammer correlated the 
area of the cardiac silhouette with the prod- 
uct of the area of the chest times the sterno- 
vertebral diameter. He showed the heart 
area to be larger in the presence of a flat 
chest. Thus, cardiac enlargement might er- 
roneously be assumed to be present if the 
study in such cases is limited to the anterior 
viewonly. Klason, using a simplified method 
of Palmieri’s plastic roentgenological recon- 
struction of the heart, obtains an orthopro- 
jection of the heart on a horizontal plane. 
The silhouette thus obtained is, of course, 
not produced by points along the heart 
surface in one common plane. It follows 
that the anteroposterior dimension of such 
a silhouette does not necessarily corre- 
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spond with the true anteroposterior dimen- 
sion of the heart. He gives rather extensive 
figures for this depth measurement for 
different height, weight and age groups 
for 100 males and for 50 females. In con- 
densed form it can be said that the depth 
of the heart varies in the male from 9g to 
11.5 cm. and in the female from 7.3 to 10 
cm. and generally increases with weight. 
The area of this horizontal projection is 
for males from 71 to 129 cm. and for 
females from 56 to 108 cm.*. Fray has 
made studies in the 45° left anterior oblique 
position and has correlated the transverse 
diameter of the heart with the transverse 
diameter of the chest. The transverse 
diameter of the heart taken in the antero- 
posterior position was divided by the 
transverse diameter of the heart obtained 
in the left anterior oblique position. The 
ratios thus obtained for 42 normal hearts 
give an average of 1.25 with a range of 
from 1.1 to 1.4. Kahlstorf studied 9 normal 
and 3 pathological hearts in the following 
way: Before the removal of the heart from 
the body the vessels were ligated. Then 
the heart chambers were filled with forma- 
lin, by injecting it slowly into the atria, 
in order to replace the loss of blood through 
the venae cavae and pulmonales. Ortho- 
diagrams of the specimen, fixed in formalin, 
were made in both anterior and lateral 
positions, changing the inclination as well 
as the degree of rotation. The actual vol- 
ume was determined by submersion in wa- 
ter and compared with the volume ob- 
tained by the Rohrer formula. The follow- 
ing condensed results from his careful 
roentgenological study of 70 men and 50 
women are of interest. (a) Men: The depth 
of the heart varies for different groups 
from a minimum of 7.6 to a maximum of 
10.9 cm. with a middle of 9.3 to 9.4 cm. 
The ratio of the external anteroposterior 
diameter of the chest to the depth of the 
heart varies for different groups from a 
minimum of 1.85 to a maximum of 2.45 
with a middle of 2.03 to 2.11. (B) Women: 
The depth of the heart varies for different 
groups from a minimum of 7 to a maximum 
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of 10.5 cm., with a middle of 8.1 to 8.7 
cm. The ratio of the external anteropos- 
terior diameter of the chest to the depth 
of the heart varies for different groups from 
a minimum of 1.71 to a maximum of 2.27 
with a middle of 1.93 to 2.11. Without 
giving figures, he states that in a wide but 
flat chest the transverse diameter of the 
heart is large but the depth small. In a 
well curved chest, the transverse diameter 
of the heart is smaller but the depth of 
the heart is increased. He furthermore cites 
a group of 5 men, aged nineteen to thirty- 
five years, height 167.5-174 cm., weight 
60.9-67.5 kg., chest circumference 89-96 
cm. with identical heart silhouette areas of 
104 cm.? in the anterior view. The figures 
for the depth of the hearts however vary 
from 8—-10.2 cm. A comparison of the figures 
for the depth of the heart, as obtained by 
Klason, Kahlstorf and myself is shown in 
Table xu. Differences are present: They 
can be partly or entirely accounted for by 
the application of three different methods. 
Klason’s and Kahlstorf’s measurements 
take place in an horizontal plane and do 
not regard the degree of inclination of the 
heart. I have chosen a more geometric 
diameter because it corresponds approxi- 
mately to a real axis of the mass of the 
heart. In addition it is possible that Kla- 
son’s and Kahlstorf’s material was more 
carefully collected from the viewpoint of 
physical development. Bollini recently com 
pared in 10 individuals the heart volume 
as determined by the formula of Salotti 
with the actual volume as obtained by the 
volumetric reconstruction method of Pal- 
mieri. The formula of Salotti is based upon 
figures taken from the anterior view only. 
For 9 cases the error was within +11.! 
per cent and —12.2 per cent; in one case 
however it amounted to +20.9 per cent. 
Here the plastic model showed clearly that 
the depth dimension of this heart was rel- 
atively small and that the lateral-lateral 
dimension predominated. 

Two hearts of different volume may have 
the same or nearly the same figures in a 
one-plane projection which is in routine 
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work the anterior projection. It may even 
happen that the heart with larger figures 
has actually a somewhat smaller volume. 
The introduction of the depth dimension 
improves definitely the evaluation of heart 
size. The goal of all roentgenological cardiac 
measurement is of course the determination 
of the heart volume. Any mathematical 
formula which attempts to give this by 
using figures which have been obtained in 
only one plane is fallacious. The scientific 
justification for this statement has been 
given by this study. Average values may 
be obtained for the ratios between two or 
more criteria of measurements obtained in 
two or more directions. In considering one 
single case however, it is necessary to con- 
sider the range of variation in these ratios 
of criteria. 

It can be seen from the distribution curve 
(Fig. 2) that the ratio Hp: Hr, shows less 
scattering (is less variable) than the ratio 
Hp: H,. The ratio Hp: is therefore more 
useful for purposes of prediction. 

The intimate relationship between the 
chest shape and the heart shape (Table x) 
is a priori to be expected. Similar correla- 
tions are found, for example in the ab- 
domen, where the shape of the stomach 
bears a distinct relationship to the shape 
of the abdominal cavity. For obvious 
reasons, the heart and thorax lend them- 
selves particularly well to a mathematical 
analysis of their relationship to each other. 


SUMMARY 


The anteroposterior dimension of the 
heart (the depth of the heart) as seen in 
the lateral view of the roentgen examina- 
tion was studied in 150 healthy individuals; 
the figures were correlated with certain 
other heart diameters, as obtained in the 
anterior view, and with certain chest diam- 
eters obtained in both anterior and lateral 
views. As to certain ratios there are no 
differences between adolescents and adults, 
male and female. The average size of the 
anteroposterior diameter for men (aged 15 
§2 years, av. 28.5; height 150-183 cm., av. 
169.9; and weight 41-97 kg., av. 65.6) is 
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8.7 cm. with a maximum of 10.7 cm. and a 
minimum of 6.3 cm. For women (aged 15- 
56 years, av. 29; height 145-170 cm., av. 
154.7; and weight 42~75 kg., av. 54.9) it 
is 7.8 cm. with a maximum of 9.6 cm. and 
a minimum of 6.3 cm. The average antero- 
posterior diameter of the heart is 73 per 
cent of the average transverse diameter of 
the heart. In studying the range of varia- 
tion it was found that for nine-tenths of 
all cases the anteroposterior diameter may 
be from 62.5 to 85.0 per cent of the trans- 
verse diameter. The average anteroposter- 
ior diameter is 66.3 per cent of the average 
oblique diameter. As to the range of varia- 
tion it was found that for nine-tenths of 
all cases the anteroposterior diameter may 
be from 55 to 75 per cent of the oblique 
diameter. There is a close relationship of 
the body weight to the size of the antero- 
posterior diameter (as well as to the trans- 
verse diameter). Height affects the diam- 
eters only if the body weight increases 
correspondingly. It is demonstrated that 
certain hearts deviate from the average 
type in being flatter, broader and longer. 
Others are deeper, narrower and shorter. 
The average anteroposterior diameter of 
the chest (sternum to vertebra) is 41.5 per 
cent of its average transverse diameter. 
Studies of chests from the viewpoint of the 
width-depth ratio also revealextreme types; 
some which are flatter and broader and 
others which are deeper and narrower than 
the average. Starting independently with 
extreme types of hearts or chests, respec- 
tively, and studying the corresponding 
types of chests and hearts, respectively, 
one reaches the following conclusions: With 
a flatter (absolutely), wider (absolutely or 
relatively) and longer (absolutely or re- 
latively) heart goes a flatter (absolutely), 
(absolutely slightly wider) and (relatively 
slightly lower) chest, and vice versa. With 
a deeper (absolutely), narrower (absolutely 
or relatively) and shorter (absolutely or 
relatively) heart goes a deeper (absolutely), 
narrower (absolutely) and higher (relative- 
ly) chest and vice versa. The intimate 
formal relationship between heart and 
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chest type can be expressed in mathemati- 
cal terms. 

Anatomic descriptions mention different 
shapes of normal hearts: Some which are 
shorter and globular and others which are 
longer. Hearts with a rounder circumfer- 
ence are found in round chests and hearts 
with an oval circumference in flatter chests. 
These findings correspond well with our 
own results. 

The method of measurement of the depth 
of the heart is discussed and the difference 
in the relation of the heart to the anterior 
chest wall in the living and in the usual 
anatomic cross section specimen is pointed 
out. We have included a review of those 
articles from the literature in which the 
roentgenological problem of the depth di- 
mension of the heart has been approached. 
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The figures for the depth of the heart, as 
given by two other authors, differ from 
each other and both are higher than the 
figures presented in this study. These differ- 
ences are explained by the use of different 
methods. 

It is pointed out that any attempt to 
obtain a volumetric determination of the 
heart based on figures which are gained in 
one plane only is fallacious. 

When roentgen studies are made in one 
position only, and this for practical pur- 
poses is the anterior view, the following 
possibilities may occur: (1) Two hearts of 
different volumes may give identical or 
nearly identical linear and area figures. (2) 
Two hearts of equal or nearly equal vol- 
umes may give different linear and area 
figures. 


REFERENCES 


Acue.tis, W. Orthodiagraphische Herzuntersuch- 
ungen bei Tuberkulésen. Deutsches Arch. f. klin. 
Ved., 1911, 104, 353-369. 

Bazetr, H. C., and Sanps, J. The significance of 
measurements of the duration of systole. 4nn. 
Clin. Med., 1926-1927, 5, 190-210. 

Bouin, V. La determinazione radiologica delle di- 
mensioni del cuore in 300 maschi ventenni. Radio/. 
med., 1933, 20, 1021-1082. 

Broce, P., and Moucuet, A. Types anatomiques du 
coeur. Indice ventriculaire. Bud/. et mém. Soc. anat. 
de Par., 1920, QO, 213-215. 


Cicnouin1, P. Lo studio radiologico della volu- 
metria cardiaca: Proposta di un nuovo metodo e 
suo controllo anatomico. Cuore et circolaz., 1928, 
I2, 405-425. 

DikANsky. Les divers types de forme et de position 
des organes du corps humain. Bull. et mém. Soc. 
anat. de Par., 1925, 95, 13-22 


Eyster, J. A. E. Determination of cardiac hyper- 
trophy by roentgen-ray methods. Arch. Int. Med., 
1928, Zl, 667—68 2. 

Kray, W. W. Mensuration of the heart and chest in 
the left posteroanterior position; a comparative 
study. 1v. Comparison of the transverse diameters 
of the heart and the cardiothoracic indices of the 
chest obtained from the posteroanterior and left 
anterior oblique chest films. Am. J. RoENTGENOL. 
& Rap. THERAPY, 1932, 27, 729-739. 

Hammer, G. Die Herzflache als Massstab fiir die 
Herzgréssenbestimmung. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, 1928, 78, 1000-1015. 

KAHLsTorrF, A. Ueber eine orthodiagraphische Herz- 
volumenbestimmung. Fortschr. a. d. Geb. d. Rént- 
genstrahlen, 1932, 75, 123-146. 


KautstorF, A. Ueber Korrelationen der linearen 
Herzmasse und des Herzvolumens. A/in. ¥chn 
schr., 1933, 12, 262-265. 

Kiason, T. On horizontal orthoprojection of the 
heart. Acta radiol., 1903, 17, $7-77. 

Lausry, C., Matret, L., and Hirscusere, F. 
L’éxamen radiologique du coeur en_ position 
transverse gauche. Arch. d. mal. du coeur, 1921, 
T4, 394-406. 

Moritz, F. Ueber Veranderungen in der Form, 
Grdésse und Lage des Herzens beim Uebergang aus 
horizontaler in vertikale Ko6rperstellung. Dew/ 
sches Arch. f. klin. Med., 1904-1905, 82, 1-40. 

Patmierti, G. G. Ortodiagrafia e cardiovolumetria. 
Gior. di clin. med., 1920, 7, 146-154. 

Patmrert, G. G. Sulla possibilita di ricostruire i! 
cuore in plastica dal vivente con il sussidio de! 
raggi X. Ma/at. d. cuore, 1920, 4, 69-76. 

Patmier!, G. G. La radioplastique du coeur. 4rch. 
d. mal. du coeur, 1921, 14, 440-452. 

Piitrer, A. Der intrapulmonale Sauerstoffver 
brauch des Menschen. Ztschr. f. klin. Med., 1911, 
735 342 

Rourer, F. Volumbestimmung von Kérperhohlen 
und Organen auf orthodiagraphischem Wege. 
Fortschr. a. d. Geb. d. Réntgenstrahlen, 1g16—-I1g17, 
24, 285-294. 

Satortt, A. Il volume del cuore ai raggi X. 4/ti Soc. 
med. chir. Padova, March 29, 1927. 

Spee. Bemerkungen betreffend Spannung, Bewe 
gung, Nomenklatur der Brustorgane des Men 
schen. Verhandl. d. anat. Gesellsch., Anat. Anz., 
1909, 34, 169. 

ZeHBE, M. Ueber Frontaluntersuchung. /ortschr. 
a. a. Geb. d. Rontgenstrahlen, 1917-1918, 25, 111 
124. 


356. 


ie 


or. XXXII, No. 4 
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NEW YORK CITY 


HE value of the niche in the roentgen 
diagnosis of peptic ulcer has been 
clearly established since the original ob- 
servation of Reiche, in which a mushroom- 
shaped protuberance of the lesser curva- 
ture of the stomach in the roentgenogram 
was shown on autopsy to correspond to the 
presence of a gastric ulcer. Similar evidence 
was eventually shown to be reliable in the 
diagnosis of both duodenal and jejunal 
ulcer. 
Not only was the nicheof great value from 
the standpoint of diagnosis, but it served 
as an objective criterion, for the determina- 


tion of the therapeutic effectiveness of 


medical treatment, by the demonstration 
of retrogressive changes in the size of the 
niche or its eventual total disappearance. 

Roentgen evidence of the disappearance 


Fic, 1. Case 1. Appearance of jejunal niche 
before treatment. 


of a niche need not, it is true, indicate 
actual anatomical disappearance of the 
ulcer. Relaxation of spasm with a diminu- 
tion in the swelling of the mucosal folds 
surrounding an ulcer may produce diminu- 


tion in the size or disappearance of the 
niche, without actual healing having taken 
place. In addition, the presence of food, 
mucus, or clotted blood within the crater, 


Fic. 2. Case 1. Appearance two years after treatment. 
Absence of niche. 


may make it impossible for barium to enter 
the crater so as to be roentgenologically 
demonstrable. Moreover, if the swollen 
folds of mucosa, surrounding the ulcer, 
produce a temporary occlusion of the ha 
men, no barium may enter, and a negative 
roentgen diagnosis is rendered despite the 
presence of an active lesion. The probabil- 
ities are, however, that clinical evidence 
of amelioration or cure would not be present 
over a prolonged period of time. 

Granting that the above named pitfalls 
may be present, prolonged and repeated 
careful roentgenographic examination with 
proper technique will minimize the possi- 
bility of error. Moreover, the persistence 
of clinical symptoms will act as a warning 
that reéxamination is essential. 

With proper care, the eventual disap- 
pearance of a niche, in a patient exhibiting 
clinical cure, may ordinarily be accepted 
as an excellent criterion of an objective 
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Fic. 3. Case u. Appearance of jejunal niche 
before treatment. 


nature to reinforce and substantiate the 
clinical evidence. Both clinical and roent- 
genologic findings must be correlated be- 
fore the conclusion is justified that an 
ulcer has been favorably influenced by 
conservative treatment. 

Friedenwald and Baetjer, Ohnell, Ham- 
burger, Rosenthal, White, Buckstein, Crohn 
and others, have shown the value of such 
studies in the disappearance of the niche 
of gastric ulcer. 

In the case of the niche of duodenal ulcer, 
similar studies have been recorded among 
others by Berg, Buckstein, and Albrecht. 

That the niche of a jejunal ulcer may 
also be favorably influenced by medical 
treatment is shown in the following re- 
ports. 


CASE REPORTS 


Case 1. G. H., male, aged thirty-three, had 
been suffering for ten years with pain localized 
to the epigastrium, made worse when hungry 
and relieved by food but not by soda. There 
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were periodic remissions. About twice a year 
he vomited black material. A gastroenter- 
ostomy was performed, which gave him relief 
for four months. He then developed continuous 
pain in the lower abdomen exaggerated by exer 
cise and relieved by lying down. Several months 
prior to admission, he had continuous tarry 
stools for two days, accompanied by black 
colored vomitus. At the time of admission to 
the hospital, gastric analysis showed a free 
acidity of 68, and a total acidity of 86. Roent 
gen examination revealed a jejunal niche, 
pathognomonic of jejunal ulcer (Fig. 1). The 
patient received conservative treatment which 
included dietetic measures as well as the ad 
ministration of gastric mucin. Shortly after the 
onset of treatment, he became symptom-free. 
Repeated roentgen examinations including pro- 
longed careful palpation behind the roentgeno- 
scopic screen have shown the complete dis- 
appearance of the jejunal niche. Note Figure 2 
obtained two years after original examination 
(Fig. 1). As the persistent disappearance of the 
niche has been coincident with complete 
amelioration of symptoms, the roentgeno- 
graphic evidence may be considered as proof of 


Fic, 4. Case u. Appearance one year after 
treatment. Absence of niche. 
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Fic. 5. Case 11. Appearance of jejunal niche 
before treatment. 


an objective nature that the jejunal ulcer has 
been favorably influenced by medical 
ures. 

Case u. G. W., male, aged thirty-six, had 
had a gastroenterostomy for duodenal ulcer, 
after which he remained well for two years and 
nine months. He then developed heartburn, 
belching, and pain in the epigastrium radiating 
to the back, occurring about three hours after 
meals, relieved by food and soda. He lost 15 
pounds in weight. There 
hemorrhage. Roentgen examination revealed 
the presence of a large tender niche at the site 
of anastomosis (Fig. 3). Conservative treat- 
ment was instituted which included dietetic 
measures. The patient made an excellent 
clinical response and during the past year has 
remained symptom-free. Repeated roentgen 
examinations have failed to show the presence 
of the original niche or of any tenderness at the 
site of anastomosis. (Fig. 4). The 
medical treatment in this case in producing 
improvement in the jejunal ulcer is accentuated 
by the objective evidence obtained by roentgen 
study, indicating that coincident with the 
disappearance of symptoms there has been a 
disappearance of the niche. 


meas- 


Case u1. J. B., aged forty, had been operated 
on fifteen years previously for duodenal ulcer. 
A gastroenterostomy was done. He was well 
for two years. Since then he has had recurring 
attacks of pain in the epigastrium one to two 
hours after meals with temporary relief from 
food and soda. 

He has been frequently awakened from sleep 
with pain lasting two to three hours without 
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relief from food intake. One and one-half years 
ago he had three attacks of hemorrhage. with 
vomiting of blood and blood in the stools. He 
was hospitalized for two weeks. Recently the 
pain has been more severe, of longer duration, 
and has occurred more frequently. There has 
been a slight increase in weight. He had been 
drinking to excess for about three years up to 
six months prior to examination. 

Physical examination was negative except 
for tenderness in the epigastrium, and the scar 
of the former surgical procedure. 

Roentgen examination revealed the follow- 
ing important findings: (1) an irregular indraw- 
ing of the greater curvature at the site of the 
gastroenterostomy ; (2) marked narrowing of 
the proximal jejunum, appearing as a thin 
stream; (3) a niche about 1 inch beyond the 
stoma as indicated in the roentgenogram; (4) 
exquisite tenderness localized to the niche; (5) 
six hour retention of barium within the niche 
although the stomach was empty (Fig. 5). 

The patient was treated medically, on a 
modified Sippy regimen including large doses 
of bismuth. He made an excellent clinical re- 
sponse with complete disappearance of all 
symptoms. A second roentgen examination was 
made six weeks later (Fig. 6). At this time the 
marked indrawing a the greater curvature, 
previously noted, was absent. The proximal 
jejunum was not narrowed, nor was a niche 
clearly demonstrable. No tenderness was 
present. This objective evidence obtainable by 
the roentgen method accentuated the clinical 
impression that the jejunal ulcer had been 
favorably influenced by medical treatment. 


Case Iv. L. G. had been operated on for ulcer 


Fic. 6. Case 111. Appearance six weeks after 
treatment. Absence of niche. 
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thirty-three years previously, after having had 
stomach trouble for one and one-half years. 
He remained free of gastric symptoms for 
sixteen years, although he had pneumonia and 
typhoid fever in the interim. He then developed 
indigestion, though the symptoms were entirely 
different from those prior to his operation. The 
attacks were accompanied by dizzy spells. Once 
he almost fainted. He believes that the stools 
were black in color. Under medical treatment 
with rest in bed for a few weeks he recovered 
and remained well for about thirteen years. 


Fic. 7. Case 1v. Arrow points to niche 


of jejunal ulcer. 


Since then he has had occasional attacks of 
nausea and dark colored stools. One month 
prior to roentgen examination, he had a sudden 
attack after a hearty supper. He fainted. The 
stool was tarry in color but some bright blood 
was also present. The following day he again 
had a bloody stool and fainted for ten minutes. 
No abdominal pain was present at any time. 
He improved under medical management. 
Roentgen examination revealed the presence 
of the niche of a jejunal ulcer (Fig. 7). He re- 
mained entirely symptom-free, and six months 
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Fic. 8. Case 1v. Roentgenogram taken six months 
later. Arrow points to site of previous niche. Nx 
niche is demonstrable at this time. 


later a second roentgen study was made. No 
evidence of the original niche was demonstrabk 
at this time (Fig. 8). 


Not only does a study of the niche of 
jejunal ulcer enable us to determine re 
gression when the response to treatment is 
satisfactory, but failure of healing may 
also be objectively demonstrated by com 
parative studies. This is illustrated by the 
following cases: 


Case v. D. K., male, aged thirty-one had had 
a gastroenterostomy for duodenal ulcer ten 
years prior to examination. He remained well 
for seven years when he noticed a black stool. 
He then continued feeling comfortable until 
the past year, when he began complaining of 
pain on the left side of the abdomen, relieved 
by eating. The stools on several occasions were 
tarry. 


Fic, 9. Case v. Appearance of niche of jejunal ulcer 
prior to medical treatment. 
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Fic. 10. Case v. Persistence of niche after medical 


treatment which included hospitalization. 


Figure g shows the appearance of the jejunal 
niche found on roentgen examination. One 
month after medical treatment which included 
hospitalization, he was again roentgenographed 
(Figure 10). A fairly large niche is still present. 
Clinically there has been only moderate im 
provement, although his stools have no longer 
been tarry. In this case a comparative study 
of the jejunal niche has demonstrated lack of a 
sufficiently good response to medical treatment. 


Fic. 11. Case v1. Appearance of niche prior to 
instituting medical treatment. 
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That actual increase in the size of a 
jejunal niche may occur under unfavorable 
conditions is interestingly shown by the 
following experience: 


Case vi. J. Mc., male, aged sixty, about one 
year after a gastroenterostomy for duodenal 
ulcer was admitted to the hospital because of 
epigastric distress, frequent attacks of hemor- 
rhage and a loss of 30 pounds in weight. Roent- 
gen examination revealed a jejunal niche 
(Figure 11). The patient grew steadily worse, 
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Case vi. Note marked increase in size of 
niche, necessitating operation. 


and another study six months later showed the 


jejunal niche considerably increased in size 


(Fig. 12). The patient died following surgical 
intervention. 
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A CLASSIFICATION OF TUMORS FROM THE STAND- 
POINT OF RADIOSENSITIVEN ESS* 


By ARTHUR U. 


DESJARDINS, M.D. 


Section on Therape utic Radiology, The Mayo Clint 


ROCHESTER, MINNESOTA 


N SEVERAL previous occasions’ 
[ have drawn attention to the funda- 
mental law according to which each 
variety of cell in the body has a specific 


sensitiveness, or rather a specific range of 


sensitiveness, to roentgen rays or radium. 
Although this basic law has been firmly 
established, its biological and medical 
implications are not as widely realized as 
they deserve to be. By the statement that 
each variety of cell in the body has a 
specific range of sensitiveness to roentgen 
rays or radium it is not intended to imply 
that all cells of one kind, such as lympho- 
cytes or squamous epithelial cells, react 
at exactly the same rate and to precisely 
the same degree to a given dose of rays. 
A certain measure of variation in reaction 
must occur, because different cells of the 
same kind are struck by the rays while in 
different stages of metabolism. Other fac- 
tors also may play a part. However, if 
allowance is made for such variation, and 
if reaction time is taken as a criterion, the 
specific sensitiveness of each kind of cell 


looms up as the dominant single fact of 


radiology and deserves to be recognized 
as a law. Although the factors responsible 
for such specificity have not yet been fully 
determined, the sensitiveness peculiar to 
each kind of cell appears to be related 
chiefly to the natural life cycle. Thus the 
lymphocytes, the metabolic cycle of which 
among human cells is the shortest, are 
also the most radiosensitive, and the nerve 
cells, the life cycle of which is the longest, 
are also the most resistant to irradiation. 

For years much has been made of the 
dogma that pathologic cells are more 
radiosensitive than normal cells, but the 
foundation on which this dogma rests is 
not as broad as one might infer. The 


* Read before the American Congress of Radiology, Chicago, III 


notion that pathologic cells are more radio- 
sensitive than normal cells of the same 
kind is valid only to the extent that the 
rate of mitosis of cells is affected by the 
pathologic disturbance. The significance 
of this factor, therefore, is limited to tu- 
mors and to processes of which cellular 
hyperplasia is an important feature. Such 
influence is small as compared with the 
specific natural susceptibility of each 
variety of cell and with the age or meta- 
bolic status of the cells. 

When, according to their radiosensitive- 
ness, certain cells or groups of cells are 
exposed to a sufficient dose of roentgen 
rays or radium, the first perceptible effect 
is an alteration of, or series of changes in, 
the nuclear portion, or genetic mechanism, 
of the cells. These changes are character- 
ized collectively by arrest of mitotic 
division and by partial or complete de- 
generation of the cells, and individually 
by disorganization and fragmentation of 
the nuclear chromatin, vacuolar degen- 
eration of the protoplasm, rupture of the 
cell and scattering of the fragments of 
chromatin from the nucleus among the 
remaining intact cells. The chromatin 
débris is then gradually absorbed by 
phagocytes (phagocytic reticular cells or 
macrophages), while the liquid portion of 
the degenerated cells, together with the 
ferments and antibodies which they pre- 
viously contained, is liberated, becomes 
mixed with the tissue fluids, and ultimate- 
ly finds its way into the blood. Moreover, 
if the time intervening between irradiation 
and perceptible reaction is noted, it will 
be found that certain species of cells react 
more rapidly than others to a given dose, 
or that the degree of reaction to the same 
dose is greater for some kinds of cells 
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than for others. According to present 
knowledge, cells may be classified, ac- 
cording to their radiosensitiveness, in the 
following order, from most sensitive to 
least sensitive: lymphoid cells (lympho- 
cytes); polymorphonuclear and_ eosino- 
philic leucocytes; epithelial cells, com- 
prising (1) mucus secreting epithelial cells 
of the salivary glands, intestine and 
bronchi, (2) basal epithelium (spermato- 
gonial cells) of the testis and follicular 
epithelium of the ovary, (3) basal epithe- 
lium of the skin, mucous membranes and 
certain organs, such as the small intestine 
and stomach, (4) alveolar epithelium of 
the lungs and epithelium of the bile ducts 
(liver), and (5) epithelium of tubules of 
the kidneys; endothelial cells of blood 
vessels, pleura and peritoneum; connective 
tissue cells; muscle cells; bone cells; fat 
cells and nerve cells. 

Thus, the epithelium of the skin stands 
about half way between the extreme radio- 
sensitiveness of lymphocytes, on the one 
hand, and the comparatively great re- 
sistance of nerve cells, on the other. 

Although the relative radiosensitive- 
ness of the different varieties of normal 
cells is generally known, such knowledge 
is often held to possess only academic val- 
ue, whereas, in fact, its practical value is 
so great that not only does the compara- 
tive susceptibility of different kinds of 
cells enable one to estimate and to pre- 
dict the radiosensitiveness of a tumor, but 
it also makes it possible for one to identify 
certain of the more radiosensitive varieties 
of tumor. Moreover, such identification 
by a radiologist who has had this phase of 
radiology specifically in mind for a sufh- 
ciently long time to have acquired assur- 
ance is as accurate as, and sometimes 
actually more accurate than, microscopic 
examination by the ablest of pathologists. 
A better test of the validity of any natural 
law could hardly be demanded by the 
most carping of critics. 

As employed in this paper, the term 
radiosensitiveness may be defined as the 
relative susceptibility of normal or patho- 
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logic cells, or of tumors derived from such 
cells, to a given dose of roentgen rays or 
radium, when exposed according to a com 
parable scheme of irradiation. The latter 
condition is quite as important as the 
former and may not be disregarded. Cellu 
lar radiosensitiveness, therefore, is the 
natural reactivity of different kinds of 
cells to a given quantity of radiation of a 
certain quality (average wave length) 
when the cells are exposed in a certain 
way (scheme of irradiation), as estimated 
clinically by an experienced radiologist. 
Of course, such an estimate may vary 
somewhat according to the experience of 
the radiologist, but such variation cannot 
affect the relative sensitiveness of cells, 
at least as far as the more sensitive kinds 
of cells are concerned. As for the less 
sensitive cells, opinions may vary, be 
cause among these the difference in sus 
ceptibility is sometimes small, and radiolo 
gists may ascribe a slightly different order 
of sensitiveness to the same kind of cell. 

Some radiologists have attempted to 
define radiosensitiveness as “‘the relation 
ship between the lethal dose for any par 
ticular tissue or tumor—again i” vivo in 
its normal situation—compared with the 
lethal dose for some normal tissue, such 
as the skin or the tumor bed.” Such re 
strictions are quite unnecessary and beside 
the point, as far as the specific radiosens! 
tiveness of different kinds of cells is con 
cerned. The principle of specific cellular 
radiosensitiveness is much broader than 
that, has nothing to do with the so-called 
lethal dose (no matter how this may be 
defined), and is subject to only one re- 
striction, namely: that the relative sensi- 
tiveness of different kinds of cells can be 
estimated with some degree of accuracy 
and assurance only when the different 
cells have been exposed to roentgen rays 
or radium under comparable conditions, 
regardless of whether the dose of rays was 
lethal, superlethal or sublethal. The lethal 
dose restriction is not without some use- 
fulness, but this is chiefly a matter of con- 
venience in presenting the subject in a 
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manner that will be understood by those 
to whom the idea is novel and unfamiliar. 

One factor which must inevitably lead 
to different estimates of the relative sensi- 
tiveness of different cells is that few radiol- 
ogists have had this phase of the subject 
specifically in mind and few are qualified 
to express an opinion. The majority of ra- 
diologists have little knowledge of pathol- 
ogy and thus are prone to be too greatly 
influenced in their ideas concerning the 
susceptibility of cells by the dicta of pro 
fessional pathologists, only a few of whom 
are qualified by special knowledge and 
experience to venture any statements. 
Even in the field of pure medical pathology 


errors in interpretation and inability of 


competent pathologists to agree on the 
essential character of tumors is a frequent 
occurrence. This is to be expected. The 
only misfortune is that, when the average 
medical or surgical clinician receives the 
report of a pathologist on a piece of tissue 
submitted for microscopic examination, 
almost invariably the clinician regards 
the problem as settled, ceases to think and 
may even disregard significant clinical, 
physical, and roentgenologic features, 
analysis of which would lead to an accurate 
diagnosis, whereas blind acceptance of the 
pathologist’s opinion may, and not in- 
frequently does, lead him into serious 
error and unwitting injustice to the 
patient. | have recently shown!’ that the 
rate of regression of tumors may, in cer 
tain cases, prove a more reliable means of 
identifying and classifying the more radio 
sensitive varieties of new growth than 
microscopic examination. Indeed, if ra 
diologists will devote some attention to 
this aspect of their specialty, and as a 
larger number of pathologists become 
aware of the value of this factor, the time 
will come when the specific radiosensitive 
ness of different kinds of cells will have 
an important bearing on the identification 
and classification of tumors. Moreover, as 
this fundamental law of radiology be 
comes better known and its implications 
more fully realized, such knowledge will 
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affect ideas not only concerning neoplasms 
but also concerning many benign, inflam- 
matory lesions. 

In any event, the significance of the 
specific sensitiveness of different varieties 
of cells is such, and the radiosensitiveness 
of tumors corresponds so closely to the 
reactivity of their normal cellular proto- 
types, that both benign and malignant 
growths may be arranged in a fairly defi- 
nite classification. Neoplasms may first 
be divided into three main groups: (1) 
radiosensitive tumors, growths the sensi- 
tiveness of which is greater than that of 
the skin; (2) moderately radiosensitive 
tumors, growths the sensitiveness of which 
approximates that of the skin, and (3) 
radioresistant tumors, growths the sensi- 
tiveness of which is less than that of the 
skin. 

Radtosensitive Tumors. From a strictly 
pathologic point of view, this group may 
seem to be made up of a rather hetero- 
geneous collection of apparently unrelated 
neoplasms, but it 1s essential to remember 
that histopathologic structure and cellular 
radiosensitiveness are different bases which 
do not necessarily have anything in com- 
mon. The one rests on the visual appear- 
ance of cells and the architectural ar- 
rangement of tissues, whereas the other 
rests on the innate sensitiveness of cells to 
roentgen rays or radium. In relation to 
the latter the only significant point which 
need be taken into account is that the 
radiosensitiveness of a tumor depends 
mainly on and corresponds absolutely with 
the natural susceptibility to irradiation 
of the cells of which the neoplasm is 
chiefly composed. Besides natural sus- 
ceptibility, the sensitiveness of cells also 
varies within certain limits according to 
their rate of metabolism or mitotic activ- 
ity, the metabolic stage in which the cells 
happen to be when struck by the rays, 
their blood supply, and possibly other 
factors which remain ill understood. Ra- 
diosensitiveness, rate of metabolism, and 
life cycle of cells appear to be closely inter- 
related. 
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It must not be inferred that the tumors 
in the several groups included in Table 1 
are identical in radiosensitiveness. On the 
contrary, their susceptibility varies con- 


TABLE I 
RADIOSENSITIVE TUMORS 


Lymphoblastoma { Lymphosarcoma 
Hodgkin’s disease 
Group 1 ; Lympho-epithelioma 
Diffuse endothelioma (Ewing), or en- 
dothelial myeloma (Kolodny) of bone 


Embryonal carcinoma (seminoma) of 


testis (spermatogonial cells) 
Group 2 | Embryonal carcinoma of ovary (follic- 
ular epithelium) 


Giant cell tumor of bone 
Wilms’ tumor of kidney 
Multiple myeloma of bone 
Basal cell epithelioma 
Group 3 { Transitional cell epithelioma 
Mucoid carcinoma of intestinal tract 
(mucous-secreting epithelial cells) 
Hemangioma 
Hemangio-endothelioma 


siderably; the growths in the first group 
are much more sensitive than those in the 
third and fourth groups, and, although 
the difference is smaller, they are dis- 
tinctly more sensitive than the neoplasms 
of the second group. These groups are in- 
cluded in the same table, because, from a 
practical point of view, all these neoplasms 
are more radiosensitive than the skin. 
From a practical point of view, also, the 
sensitiveness of the tumors in each group 
is sufficiently similar to justify the group- 
ing. 

Moderately Radiosensitive Tumors. \n 
connection with the two groups of tumors 
included in Table 11, all that need be said 
is that those of the first group are distinctly 
more radiosensitive than those of the 
second group, but there is much less varia- 
tion in radiosensitiveness between the 
different neoplasms in these two groups 
than in the different groups included in 
Table 1. Nevertheless, as between car- 
cinoma of the uterine cervix and carci- 
noma of the rectum, or chondrosarcoma of 
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bone, the range of variation in suscepti- 
bility to irradiation is considerable. 

Radioresistant Tumors. The growths 
classified as radioresistant (Table 111) are 
insensitive to irradiation, probably because 
they derive from cells that are naturally 
and comparatively insusceptible to thera- 
peutic doses of roentgen rays or radium. 
Kew such tumors have ever been or are 
now being cured or substantially bene- 
fited by any technical scheme of irradia- 
tion known at the present time. Of course, 
if therapeutic doses should be disregarded, 
which is to say, if less care should be taken 
to safeguard the integrity of normal tis- 
sues, it is probable that even the most re- 
sistant of tumors could be made to retro- 
gress or to undergo massive necrosis. But 
such disregard of normal tissues must in- 
evitably lead to catastrophes that would, 
perhaps, more than offset any direct effect 
on the neoplasm itself. All these growths 
arise in some form of connective tissue; 
some are benign, whereas others are dis- 
tinctly malignant, but most of the latter 
grow slowly and are equally slow to metas- 
tasize, at least for a time. 

Sometimes, notably in fibrosarcoma and 
melano-epithelioma, a considerable degree 
of regression may follow exposure to 


TABLE I] 


MODERATELY RADIOSENSITIVE TUMORS 


Carcinoma of uterine cervix 
} . . - 
Group 1 { Carcinoma (not adenocarcinoma) of thy 
roid gland 


Epithelioma of tonsil and pharynx 
Carcinoma of breast 

Epithelioma of bronchus 
Epithelioma of lip and eyelids 
Epithelioma of mouth and tongue 
Epithelioma (squamous cell) of skin 
Carcinoma of rectum 
Chrondrosarcoma of bone 


Group 2 


multiple converging beams of roentgen 
rays or to a large total dose of radium (im- 
bedded within the growth and at the same 
time directed toward it from the outside), 
but complete or prolonged regression 1s 
exceptional and implies unusually intense 


VoL. XXXII, No. 4 


and thorough treatment. However, the 
fact that the tumors of this group are 


relatively radioresistant does not neces- 
sarily mean that it is useless to attempt 
to treat them. Treatment is less effective 
than when it is applied to more sensitive 
tumors, but thorough and well-planned 
irradiation may nevertheless relieve symp 
toms for a time and may thus have suffi- 
cient value to be worth while. In this 
group, generally speaking, surgical meas- 
ures, whenever feasible, should be em- 
ployed in preference to radiotherapy, but 
radiotherapy may be used after surgical 
intervention or when the latter cannot 
be wisely entertained. Also, radiotherapy 
should be continued only so long as it 
produces a definite effect on the growth or 
for a time sufficient to constitute a fair 
trial, but to persist beyond this point is 
to lack clinical judgment-and to be unjust 
to the patient. 

Epithelial Tumors. The natural assump- 
tion would be that tumors derived from 
epithelial cells should react in much the 
same way and at much the same rate to 


TABLE III 


RADIORESISTANT TUMORS 


Fibromyoma (uterus), direct irradiation 

Fibrosarcoma 

Carcinoma of esophagus and stomach 

Adenocarcinoma anywhere, with possible exception 
of uterine cervix 

Mixed tumor of parotid gland 

Hypernephroma 

Sarcoma of bone, osteogenic 

Melano-epithelioma and nonmelanotic melano-epi- 
thelioma of skin 

True teratoma 

Neurofibroma 

Fibroma 

Chrondroma 

Lipoma 

Myxoma 

Myxosarcoma 


irradiation, but this is not the case, and 
for definite reasons, some of which are 
known while others are still obscure. It is 
well known, for example, that epitheliomas 
derived from the basal layer of epithelial 
cells in the skin are more sensitive than 
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epitheliomas derived from squamous epi- 
thelium, probably because the basal cells 
are the parent cells from which the over- 
lying squamous cells develop, and because, 


TABLE IV 
COMPARATIVE RADIOSENSITIVENESS OF 
EPITHELIAL TUMORS 


Group 1 { Lympho-epithelioma 


Mucoid carcinoma of intestine 
Carcinoma of uterine cervix 
Carcinoma (not 
thyroid gland 
Basal cell epithelioma of skin 


Group 2 adenocarcinoma) of 


Transitional cell carcinoma 
Epithelioma of tonsil and pharynx 
Epithelioma of bronchus 
Epithelioma of lip and eyelids 
Epithelioma of mouth and tongue 
Carcinoma of bladder 

Carcinoma of breast 


Group 3 


Carcinoma of anus, rectum, penis and 
vulva 


Group 4 | Carcinoma of esophagus and stomach 


Adenocarcinoma anywhere, with possible 


Group § 
P 5 exception of uterine cervix 


| Melano-epithelioma and nonmelanotic 


Group 6 
melano-epithelioma of skin 


) 


as parent cells, their rate of metabolism is 
more rapid and their life cycle shorter than 
that of squamous cells. 

At one end of the scale of radiosensitive- 
ness are lympho-epitheliomas, so-called, 
the susceptibility of which corresponds to 
that of lymphoid tumors. Such neoplasms, 
I dare say, are essentially lymphoid and 
metastasize like lymphoblastomas in gen- 
eral; they are not true epitheliomas, al- 
though their histopathologic appearance 
suggests epithelioma rather than lympho- 
blastoma. Tumors derived from epithelial 
cells that have the property of secreting 
mucus are distinctly more radiosensitive 
than growths arising from epithelium that 
does not secrete mucus. Thus, mucoid 
carcinoma from the intestine is far more 
susceptible to irradiation than intestinal 
carcinoma from cells that do not secrete 
mucus. In a measure, the same is true of 
tumors of the parotid gland, but here 
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mixed tumors are the most common, and 
this may explain why tumors of the parot- 
id gland are only moderately radiosensi- 
tive. At the opposite end of the scale are 
the melano-epitheliomas and the so-called 
nonmelanotic melano-epitheliomas, which 
must be classed among the most resistant 
of neoplasms. 

Therefore, any attempt to classify in 
one group epithelial tumors, the mere 
name of which implies a pathologic classi- 
fication, according to their radiosensitive- 
ness, 
some of the pathologic criteria and at the 
same time of some of the radiologic criteria. 
The only value of such an attempt is to 
give to the clinician an idea of the com- 
paratively wide variation in radiosensi- 
tiveness between tumors which, on strictly 
pathologic grounds, have heretofore been 
regarded as more closely related than they 
are likely to be in the future. 

In a classification based on the relative 
radiosensitiveness of neoplasms _ the 
growths which, in Table rv, constitute the 
first group should be graded as radio- 
sensitive tumors, and thisis why they have 
also been included in the first table. All 
the neoplasms included in groups 2 and 3 
(Table 1v) should be classed as moderately 
radiosensitive; hence their separate classi- 
fication in Table 11. The neoplasms includ- 
ed in groups 4, § and 6 (Table tv) possess 
a relatively high degree of resistance to 
roentgen rays and radium and belong 
among the radioresistant tumors included 
in Table 111. 

In general, the radiosensitiveness of 
metastatic deposits corresponds with that 
of the primary tumor. The validity of this 
rule is such that, when the primary growth 
cannot be discovered, its character, and 
sometimes its situation, can be determined 
by the susceptibility to irradiation (rate 
of regression) of the metastatic elements. 


COMMENT 


As Ewing and many others have shown, 
certain factors are known to cause varia- 
tions in the radiosensitiveness of neo- 


Arthur U. 


must necessarily involve sacrifice of 


Desjardins Ocrom 
plasms. Among these may be mentioned 
impairment in blood supply; disturbance 
in anatomic relations which probably acts 
mainly by interfering with the circulation 
and lymphatic drainage and by inducing 
the formation of connective tissue; ca 
chexia, which means that the patient's 
resistance to, and ability to hold his own 
against, the malignant process has almost 
or actually been exhausted; sepsis, the in 
fluence of which is not understood, and 
previous irradiation. The effect of previous 
irradiation on the radiosensitiveness of a 
tumor may be practically nil or very 
great, according to the thoroughness with 
which the tumor may have been treated 
and the number of times the courses of 
treatment may have been repeated. Less 
ened radiosensitiveness previous 
irradiation probably results from the 
gradual secondary proliferation of con 
nective tissue which follows the destruc 
tion of malignant cells (and, if the dose 
has been sufficient, of some of the con 
nective tissue cells themselves) as well as 
from the increasing inhibition of mitotic 
activity of the malignant cells from re 
peated irradiation and also from diminish- 
ing blood supply (injury to blood vessels 
and accumulation of connective tissue) 

Another factor which should be mentioned 
is the time factor of irradiation. By this is 
meant the time over which a given dose or 
course of treatment is spread; 
words, whether the dose or course of 
treatment is given at a single sitting, 
whether the total dose or course of treat- 
ment is divided into large fractions given 
in a number of sittings within a small num- 
ber of days (three to seven) or whether the 
dose or course of treatment is divided into 
small fractions given in a large number of 
days (seven to thirty-five). It is well known 


in other 


that to give the total doo: i in one sitting 
or to give it in from three to seven sittings 
on successive days makes little difference in 
the effect; but when the same dose is di- 
vided, for example, into twenty-one frac- 
tions given on as many successive days, the 
effect on the neoplasm is much less or, in 
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order to produce the same effect, the total 
dose must be much larger. But, with the 
exception of secondary infection (sepsis), 
all these factors combined are less impor- 
tant than the natural radiosensitiveness of 
the different varieties of cells. 

Numerous attempts to increase the 
sensitiveness of tumors have been made 
by injecting intravenously various dyes, 
such as eosin and methylene blue, andother 
substances, but the results have not been 
sufficiently striking and conclusive to com- 
mand wide acceptance. Some radiologists 
have advocated desensitization of the skin 
by reducing the circulation through the 
cutaneous vessels by pressure during the 
time of irradiation, but, as might have 
been anticipated, their efforts have not 
been conspicuously successful. Temporary 
anemia, through pressure during irradia- 
tion, is followed by compensatory hyper- 
emia for a certain length of time, and this 
offsets any transient advantage from the 
brief phase of anemia. Even if compensa- 
tory hyperemia did not occur, the circula- 
tion of blood through the cutaneous ves- 
sels must return to normal shortly after 
the pressure on the skin is removed. For 
this reason, it is doubtful if the short period 
of artificially induced anemia can greatly, 
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or even perceptibly, increase the ability 
of the skin to tolerate irradiation. 

The practical value of a classification 
of tumors such as has been given here may 
be doubted, but such doubts will be enter- 
tained only by those who are not familiar 
with the natural radiosensitiveness of 
different kinds of normal cells and of their 
neoplastic derivatives. The value of such 
knowledge is conceded greatest with refer- 
ence to the radiosensitive tumors, because 
the difference in their relative sensitive- 
ness is often sufficient to allow one to fore- 
cast the probable effect of treatment and, 
with adequate experience, to permit ab- 
solute identification. This also applies to 
some of the tumors classed as moderately 
radiosensitive. It may be objected that the 
principle of specific radiosensitiveness of 
cells tends to discourage efforts to improve 
therapeutic technique. This can be true 
only for those who find fault with the 
Creator for having decorated the leopard’s 
skin with characteristic spots or for having 
thought best not to allow the female ele- 
phant or human being to lay eggs like a 
hen, and who become disgruntled when 
they discover that they cannot cure 100 
per cent of malignant growths with roent- 
gen rays or radium. 
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ROENTGEN THERAPY OF EPITHELIOMAS OF 
THE PHARYNX AND LARYNX* 


By MAURICE LENZ, CORNELIUS G. COAKLEY, and ARTHUR PURDY STOUT 


NEW YORK CITY 


tora RD’S method? of roentgen ther- 
apy of cancer of the upper respiratory 
tract is being used more widely each 
year.’.5 Because of the prolonged time 
necessary to administer the treatment 
using 4 ma., several clinics’® have sub- 
stituted higher milliamperage, thereby in- 
creasing the quantity of radiation given 
per minute of exposure. In the Radio- 
therapy Department of the Presbyterian 
Hospital, 8 ma. has been employed for this 
purpose, and 31 epitheliomas of the 
pharynx and larynx have been so treated 
during 1931 and 1932. The initial roentgen- 
ray exposure in the first case in this series 
was given on December 27, 1930, and the 
final treatment in the last case on January 
19, 1933. This report includes only micro- 
scopically verified epitheliomas treated by 
this method. Other malignant neoplasms, 
as well as epitheliomas which received only 
a few minimal roentgen exposures, have 
been excluded from this series. 


PREPARATION FOR TREATMENT 


Each patient had careful dental atten- 
tion and oral hygiene before beginning the 
treatment. All carious teeth were extracted 
at this time, as previous experience?’ had 
shown that the trauma of extracting a 
tooth from a vigorously irradiated jaw 
frequently resulted in a late radionecrosis 
of this bone. A careful plan of the roentgen 
treatment to be given was mapped out 
for every case. 


TECHNICAL FACTORS 


A constant potential machine and an 
air cooled tube were employed. The tube 
was fixed within a lead protected radiation 
couch with cones of varying sizes inserted 
into the side wall. The size of their opening 


was usually 6X8, 8X10, or IOXIO cm., 
rarely 4X5 or 10X15 cm. At times, the 
placing of the patient in proper position 
was rendered difficult due to the immobil- 
ity of the tube and cones. A movable tube 
holder would have been preferable. The 
factors used were: 200 kv., 8 ma., 50 cm. 
skin target distance, 1.86 mm. Cu plus 
1 mm. Al filter. The fields of irradiation 
were usually two, sometimes three or more 
in number. In laryngeal cases they were 
arranged over the lateral surfaces of the 
neck corresponding to the larynx; in 
tonsillar cases, over either angle of the 
lower jaw. Where large unilateral metas- 
tases were present, a third field was added. 
The affected side was then cross fired from 
an anterior and posterior field on the same 
side, thus including possible metastases in 
the retropharyngeal glands; the third 
field was given from the opposite aspect 
of the neck. Nasopharyngeal cases were 
treated through the anterior surfaces of 
the maxillary antra, and lateral fields over 
the temporozygomatic regions. In these 
cases we routinely irradiated the region 
of the base of the brain, since extension of 
the disease in this direction is frequent. 


DOSAGE 


The dosage was measured in inter- 
national roentgens in air without back- 
scattering (r/o). The average daily dose 
was 400 r/o given to one of the two or more 
fields. This took forty minutes of actual 
irradiation, i.e., 10 r/o per minute was 
administered. The total dosage applied 
over each of two opposing fields varied from 
2,800 to 4,800 r/o in the arrested cases, 
and from 2,400 to 5,000 r/o in the failures. 
In a few, lesser amounts were given to ad- 
ditional fields. The total dosage admin- 


* From the Departments of Radiotherapy, Otolaryngology, and Surgical Pathology, of the Presbyterian Hospital, and the 
Departments of Medicine and Surgery, of the College of Physicians and Surgeons, Columbia University. Read before the 


American Congress of Radiology, Chicago, IIl., Sept. 25-30, 1933. 
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istered per patient varied from 5,600 to 
9,400 r/o in the arrested, and 7,500 to 
13,000 r/o in the non-arrested cases. In 
the last-mentioned group, the larger dosage 
and longer duration of treatment were due 
to the disease being more extensive and 
therefore requiring more fields of irradia 
tion. 


ADMINISTRATION OF TREATMENT 


One of the two or more skin areas over 
lying the lesion were exposed to roentgen 
radiation daily. Each field was thus treated 
on alternate days, or if there were three 
fields, every third day. Treatment was 
interrupted on Sundays and holidays, and 
continued until a definite, confluent pseudo- 
diphtheritic membrane covered the ir- 
radiated part of the mucosa. This so-called 
“radio-epithelitis’” (Coutard) denotes the 
death of the epithelium of the mucosa and 
the fact that the maximum dose has been 
administered to the normal tissues which 
they can safely support. The reaction dis- 
appeared two or three weeks later, leaving 
a slightly dry mucosa as the only residue. 
The pseudo-diphtheritic membrane started 
to appear two to three weeks after the first 
treatment, but irradiation was continued 
until this membrane became pronounced 
and confluent. In the successfully treated 
cases, treatment was continued from six- 
teen to forty-two days (average thirty), 
and in the unsuccessful cases, twenty to 
forty-seven days (average 32.7). A few days 
following the full development of the radio- 
epithelitis, there occurred a shedding of 
the epithelium of the irradiated skin 
“radio-epidermitis” (Coutard). The de 
nuded corium was again covered with epi 
dermis within two to three weeks, and 
little evidence of damage was left, except 
a slight atrophy of the skin. Patients were 
ambulatory up to the time of the appear 
ance of the mucous membrane reaction, 
then were hospitalized until it had sub 
sided. Fluids were forced despite severe 
dysphagia, and on only a few occasions 
was it necessary to resort to procto- or 
hypodermoclysis. In 4 cases, radio-epitheli- 
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tis was not obtained. They are classed as 
failures, although one was subsequently 
arrested by the use of interstitial radium. 
In 3 of these there were errors in calculating 
the dosage, and in the fourth the treatment 
had to be unduly protracted because of re- 
peated attacks of coronary artery disease. 


CLINICAL MATERIAL 


Only 3 of the 31 patients were females. 
The average age in this series was 57.5 
years, with thirty-eight years and eighty 
years as the extremes. 

While 31 received the treatment, only 24 
offer irreproachable clinical data for evalua- 
tion of this method of roentgen therapy. 
The 4 failures which have already been 
discussed only teach that epitheliomas 
treated with too little dosage are not ar- 
rested. Three other cases are also of little 
value from the standpoint of this study, 
although they have remained clinically 
well up to the present, about a year after 
treatment. They are, I intrinsic and 2 ex- 
trinsic laryngeal epitheliomas in which 
treatment was given following laryn- 
gectomy. The surgeon felt that he had been 
unable to remove all of the disease, but 
microscopic proof of persistence of the 
growth was lacking when the treatment 
was started. 

In 11 of the 24 remaining cases, there 
has not been any clinical evidence of 
epithelioma for nine months to two years 
since the last treatment, and in 13 roentgen 
therapy has failed to arrest the disease. 


GRADING ACCORDING TO MICROSCOPIC 
APPEARANCE 


The neoplasms were divided into three 
groups according to their microscopic ap- 
pearance, without reference to their clini- 
cal response: radiosensistive, radioresistant 
and doubtful, i.e., mixed. The character- 
istics which suggested radiosensitivity were: 
infrequent or absence of keratinization 
(epithelial pearls, inter- and intracellular 
deposits); few or no intercellular bridges; 
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» 1934 
TABLE | 
CLASSIFICATION OF 24 CASES 
Total | Cases Arrested Cases not 
Cones Original Site of Lesion 9 mo.-2 yr. | Arrested 
| . | . | . . 
Radio- Radio- | Radio- | Radio- 
sensi- | resist- | Mixed | sensi- | resist- Mixed 
tive | ant | | tive | ant 
1 | Nasopharynx | | I 
1 | Soft palate I 
10 | Tonsil and base of tongue* 3 | eo 2 3 
I Mucous membrane of angle of | 
mandible I 
I Epiglottis I 
I Glosso-epiglottic sulcus I 
3 Arytenoid and aryepiglottic fold 1 | | | 1 | I 
1 | Laryngeal band I 
s | True vocal cord | ai | | 3 
| 9 | 2 | 3 10 
| Totals | 
24 II | 


* 1 lympho-epithelioma ** Unusual 


marked variation in the size and staining 
quality of cells and nuclei; numerous mitot- 
ic figures, and minimal inflammatory re- 
action. The opposite microscopic picture 
suggested radioresistance. A neoplasm was 
classified as doubtful when the _ radio- 
sensitive and radioresistant characteristics 
were equally represented. 

The distribution of the point of origin 
and the microscopic structure in the 24 
cases may be gleaned from Table 1. 

Table 1 amply illustrates the important 
influence of the microscopic structure on 
the outcome of the treatment. Of 13 fail- 
ures, 10 were classed radioresistant, and of 
the 11 clinically arrested, there were none 
which could be definitely grouped in this 
class. Cases 12 and 13 illustrate a type of 
squamous cell epithelioma with large 
areas completely filled with epithelial 
pearls. This has, in our experience, been 
especially radioresistant. The microscopic 
structure in the 2 apparently arrested 
epitheliomas of the true cord is unusual, 
being chiefly undifferentiated, whereas one 
regularly encounters a cutaneous type of 
differentiation in epithelioma springing 
from this region. 


ANATOMIC EXTENT AND INFECTION 
The anatomic extent of the neoplasm 
and of its regional metastases varied. Uni- 
lateral clinical metastases in regional glands 
were found in 6 of the 11 apparently ar- 
rested cases, and in 9 of the 13 failures. The 
depth of invasion seemed important. Two 
of the arrested epitheliomas (Cases 1 and 
2) involving the base of the tongue pre- 
sented large exuberating cauliflower-like 
tumors, with a minimal amount of infiltra- 
tion of the deeper tissues. This growth 
phenomenon, has, in our experience, been 
associated with lessened resistance to radio- 
therapy; the pedicle base of the epithelioma 
seems to be carried off with the shedding 
of the radiation slough of the mucosa. One 
of these patients was a man eighty years 
old, and the other had a very extensive, 
but arrested pulmonary tuberculosis. Both 
tolerated the treatment well. On the other 
hand, the treatment failed in 4 other epi- 
theliomas of this region (Cases 14, 15, 16, 
17) with almost the same surface extent, 
but which were infiltrating deeply into 
the tissues and were badly infected. Two 
of the four had been microscopically judged 
as radiosensitive, yet both proved to be 
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clinically radioresistant, probably because 
of the deep infiltration and infection. One 
was an undifferentiated epithelioma of the 
tonsil which had not been recognized for 
over a year, and had been referred because 
of large, broken down, infected cervical 
gland metastases. They had been mistaken 
for an inflammatory adenitis and the 
doctor had repeatedly incised and car- 
bolized them. Following a thorough radio- 
epithelitis there was a temporary regres- 
sion in the size of the mass in the neck and 
tonsil, but shortly afterwards both sites 
showed renewed activity and the patient 
died about a year after starting treatment, 
from extension of the disease. The other 
microscopically radiosensitive epithelioma 
arose from the base of the tongue. The 
lesion was surrounded by a zone of marked 
inflammatory reaction due to bacterial in- 
vasion. The deep infection complicated 
and combatted all efforts at controlling 
this epithelioma. Superficial infection, on 
the other hand, was easily controlled by 
careful mouth hygiene prior to treatment 
and any residuum disappeared with the 
shedding of the mucosa following the radia- 
tion reaction. 


RADIORESISTANCE OF LARYNGEAL 
CARTILAGE 


Necrosis of the laryngeal cartilage fol- 
lowing intensive fractionated roentgen 
therapy is much rarer than with the older 
type of vigorous roentgen therapy given 
in a short time,! but nevertheless does oc- 
cur. Coutard? has called attention to the 
lessened resistance of ossified cartilage. 
Similar diminution of radioresistance may 
also occur when cartilage is invaded by 
squamous cell cancer or following preced- 
ing chondritis or perichondritis. In a his- 


tologically radioresistant epithelioma of 


the true cords (Case 21) roentgen therapy 
was followed by apparent freedom from 
disease for a period of eight months, when 
radionecrosis of the thyroid cartilage de- 
veloped and the patient died quickly with 
what was thought clinically to be a recur- 
rence. He was a man of eighty, and roent- 
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genographically the thyroid cartilage ap- 
peared ossified. A growth (Case 19) which 
had destroyed half of the epiglottis, in a 
man aged seventy-nine, appeared arrested 
for one year following treatment. Then 
there occurred necrosis of the adjacent 
cartilage and biopsy from the ulcer showed 
epithelioma. A late radionecrosis (Case 20) 
of the thyroid cartilage appeared in a man, 
aged sixty-five, who had a cyst in the re- 
gion of the cricothyroid membrane. He was 
given a moderate roentgen dose (4,400 and 
2,400 r/o) for a microscopically radiosensi- 
tive epithelioma of the band and adjacent 
ventricular wall. Following denudation of 
the epidermis of the skin, the cyst broke 
down and completely emptied itself, leav- 
ing a very thin capsule overlying the crico- 
thyroid membrane. This area epithelialized 
promptly and remained healed. The epi- 
thelioma disappeared and the patient re- 
mained well for six months following the 
treatment. He then developed a radio- 
necrosis of the thyroid cartilage necessitat- 
ing an emergency tracheotomy, death oc- 
curring three weks later from an aspiration 
bronchopneumonia. Pérmission ob- 
tained for inspection, with biopsy of the 
larynx, through an enlarged tracheotomy 
opening. The gross and microscopic ex- 
aminations disclosed necrotic tissue, but no 
evidence of tumor. 
TRACHEOTOMY 

Zuppinger’ advises low tracheotomies in 
cases receiving the Coutard treatment in 
order to place this more vulnerable point 
outside the irradiated area. He bases his 
opinion on 2 cases of late chondronecrosis 
where this precaution was not observed. 

Tracheotomies did not interfere with the 
treatment in our cases. The tracheotomy 
tube was removed before and reinserted 
after each treatment. Besides the 3 post- 
laryngectomy patients, and the 2 radio- 
necrotic cases previously mentioned, 2 
other patients (Cases 11 and 22) had 
tracheotomies done before roentgen ther- 
apy was started. An emergency trache- 
otomy in a patient (Case 23) was done to 
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Case 

No. 

1. HOS. 4 
3§63 

2. KIR. 8 
35god 

3. MAC 62 
327906 

4. VAR.* <9 
3495 

cs, MUL.T | 6 
499 

6. GIL. 
310911 

7. DAU. $9 
{18689 

= 

8. KES. 58 
314887 

9. RUC 6 
34989 

to. RUD SI 
348305 

11. ZAD 53 


All epitheliomas histologically “radiosensitive”, except * Mixed 
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3 cm. 
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-$ cm. 


-3 cm. 


cm 


THERAPY FREE 


OF DISEASE 9 MO. TO 2 YR. 


Approximate Size and 
Site of Lesion 


Surface Dose (r 


EPITHELIOMAS OF 


cauliflower mass left base 
of tongue and tonsil to epi- 
glottis 


cauliflower mass right base 
of tongue to epiglottis, mod- 
erate edema of larynx 

mass right carotid region 


tonsillar infiltrate 
down to base of epiglottis 


right 


. right carotid glands 


. left tonsil and base of 


tongue 
left carotid mass 


ulcerating cauliflower mass 
right tonsil 


. mass right carotid region 


ulcer right lower retromolar 
triangle and soft palate 
right carotid gland 


exuberating mass left band 
and ventricular wall 
mass of nodes left carotid 


infiltrate both arytenoids 
and right ventricular wall 
with slight fixation of right 
vocal cord 


infiltrate ant. half of left 


vocal cord with some fixation | 


infiltrate ant. half of right 
vocal cord; no fixation 


. ulcer right glosso-epiglottic 


sulcus, post. surface epiglot- 
tis and right pharyngo-laryn- 
geal space, fixing right cord 


w+ 


PITH 


32 
| 48 
460 


360% 


Period 


) and of 
Neck Fields | Treat 
cm.) ment 
Days) 


rONSIL AND BASE 


OF TONGUE 


FROM CLINICAI 


Date of 
Last 
Treat 
ment 


EVIDENCE 


> to L. 8X1 16 10/19/32 | Infiltrate and inf 
R. 8X1 ited to surface 
R. lat. 10 XI 31 12/16/32 | Infiltrate and 
ant. 6X 8 ted to surface 
post. 6X & 
L. lat. 10X1c 
R. ant. 8X1 42 3/23/32 | Lympho-epithelio: 
post. 8X1 ness for 6 mo 
occip. 10 X1 irradiation; 
temp. 6X 8 spontaneously. 
8 X Ic 
| 
L. ant. 8X1 27 9/20/32 
post. 8 XIc 
R. 
ant. 8X1 g/ 26/ 32 Histologic estin 
post. 8X1 diosensitivity 
a 8X1 in this case as 
| had been sligl t 
coagulated 
moval. 
R. 10X1 29 9/25/32 | Eighteen attacks of 
10 XI las of face, proba 
I 
nating from are 
dation at site 
lesion. 
ELIOMAS OF LARYNX 
L. 10 XI 32 12/14/31 | Mucus profuse 
R. 6X 8 form sinuses, 
left. 
R. 6X 8 34 11/16/31 | The dose wa 
6X 8 slightly exce 
6X 8 19 10/26/32 Unusual histology 
R. 6X 8 cord tumor. 
R. 4X 5 38 I 1/32 | Unusual histology 
L. 6X 8 cord tumor. Ha 
tion reaction 
after treatment 
R. 6X 8 25 1/19/33 Tracheotomy done 
L. 6X 8 radiotherapy wa 
R.S.? and ¢ Mixed—R.R.? (This case only female in t 
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CASES TREATED BY A MODIFI UTARD METHOD OF ROENTGEN THERAPY 
NOT ARRESTED 
Period 
| at Date 
> TY » S 4 1d rf t 
Case | Ave Approximate ize and irface Dose r/0) and | Treat of Las 
P.H. No. | Site of Lesion Neck Fields ania | l'reat 
| cm. Davs ment 
12. DWY. so | 4 cm. ulcer right tonsil and base of to R. 8X10 | Br | 12/ $/31 Large areas epithelial pearls. 
326703 tongue 8X1 Radionecrosis;: persist- 
2 cm. right carotid glands Interstitial radium _ to 6 i ae ence; death due to exten- 
.§ cm. right submaxillary gland ase of tongue, 2419 sion and cachexia. 
g-hr 
| 
| 
13. O'N. 38 5 cm. ulcerating cauliflower lesion | 4200 to R. 10X10} 2 | 11/19/31 | Large areas epithelial 
234375 left tonsil and base of tongue | 2 is 6X8 } pearls; temporary regres- 
|} 4 cm. mass left carotid gland tadium pack g | sion; probable metastasis 
L. neck 10X12 to lumbar spine; death 
¢ mg-hr due to cachexia. 
| | 
14. MPAT | 66 | 5cm.deeply excavating ulcer to L. up. 6X 8 44 6/17/32 | Deep invasion and deep in- 
337825 right tonsil, base of tongue 42 ant. 6X 8 fection. Died 2/1 33. 
and adjacent retromolar tri 42 post. 6X 8 
angle 2 R. 10 X1 
1s. TRI. | 47 | § cm. left tonsillar ulcer deeply | 2 L. up. 6X 8 33 | 7/11/32 | Deep invasion and deep in- 
342764 | invading base of tongue and | 4 ant. 6X 8 | fection. 
soft palate 4 post. 6X 8 
.$ cm. left carotid gland mass 4 R. 10X10 | | 
16. STE.* 6s 1 cm. left tonsillar ulcer , iL. ISXIS 1 | 38 I 1/31 | Marked infection of cervi- 
327718 7 cm. broken down left cervical R. IOoXI | cal lymph nodes. 
nass 
I | as 
8X10\ 2! 3/23/22 
R 10 X1 
9. SETS 28 4cm.infiltrate right base of | 4 R. lower 8X1 32 | 5/20/32 | Marked interstitial infec- 
tongue and adjacent floor of | 18 upper 6X 8 tion of tongue. 
mouth 2 L. upper 8X1 
1 cm. bil. submaxillary glands 18 Subment. 4X 5 
Interstitial radium in 8/ 1/32 | 
tongue—1663 mg-hr. | 
| 
Submental-submaxillary 4 1/26/33 
m pack 4X2 
4450 mg-hr. 
18. SCH. 64 | 4 cm. right nasophar. mass ex 21 R. and L. 
318228 tending to ethmoids and ant. 4x 5 
right antrum? + R. and L. 
temp. 10 X1 
tg. PEL. 8 2 cm. ulcer glosso-epiglottic sulcus | 42 a 10 X10 28 6/20/22 | Clinical freedom of disease 
R-6397 destroying half of epiglottis | 42 R. 8X1 for 10 mo.; then radio- 
2 cm. gland left carotid region necrosis. Biopsy positive 
for epithelioma. 
20. MAD.* | 65 | 2cm.ulcer right aryepiglottic | 44 R. 10 X1 2 2/27/32 | Sebaceous cyst, region of 
364384 sulcus and adjacent ventric- | 24 ise 8 X1 | cricothyroid membrane 
ular wall became infected following 
radio-epidermitis.Clinical 
freedom from disease for 


6 mo., then radionecrosis 
of thyroid cartilage and 
death from aspiration 
bronchopneumonia. No 
tumor micro. at post 
mortem. 
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Tasce III (Continued) 
Period 
ol Date 
Case | ge Approximate Size and | Surface Dose (r/o) and Treat of Last — 
P.H. No Site of Lesion Neck Fields lreat 
} | ment | 
| (cm.) r Days)| ment 
| 
21. RIZ. 8c | 5 cm. cauliflower mass post. half | 48 R. 6X 8 33 | §/ 9/32 | Clinical freedom of 
335143 right cord and adjacent edge | 32 I 6X 8 for 8 mo. Radions 
| left true cord; slight fixation thyroid cartilage, an 
right cord death 2/8/33. Cl 
recurrence 
22. CAP. 68 Both cords ulcerated, fixed; | 480 R. 6x 9 38 12/18/31 | Practically no 
316067 interarytenoid space so nar- | 4800 iL. 6X 8 from radiotherapy 
rowed that tracheotomy 
| done prior to radiotherapy 
23. PAT. 3g | 2 cm. cauliflower ulcerating mass | 375¢ R. 8 X10 2 8/2 Practically no inf 
347544 left true cord, left ventricu- | 375 R 8X1 from radiotheray 
lar wall, and left arytenoid 
24. DEL.F | 46 2 cm. infiltrate right arytenoid, | 3200 R. 10 X10 27 | 12/1 Slight temporary 
aryepiglottic sulcus and | 26 & 6X 8 ment; then 
right true cord 240 R. post. 6X 8 | of growth 
2 cm. mass right carotid region | 
' 
All males except two, } females. All epitheliomas histologically were R.R. except * R.S. and ¢ Mixed—R.R.? 


prevent choking because of the encroach- 
ment of the neoplasm, which had remained 
uninfluenced by the treatment. With these 
exceptions, no tracheotomy was performed 
after commencing treatment. 


LESSER COMPLICATIONS 


Other less important complications also 
occurred. The patient (Case 7) with an 
epithelioma of the laryngeal band, had a 
marked collection of mucus in the pyri- 
form sinuses, especially on the left. This 
persisted for the first year following treat- 
ment, but diminished in the following year. 
Ordinarily, this finding is interpreted as 
signifying the presence of some obstruction 
lower down. In this case it was regarded as 
a post-irradiation reaction. In the arrested 
radiosensitive epithelioma of the right 
true cord (Case 10), a rather large dose had 
been given (4,800 and 4,600 r/o, over 
thirty-eight days, fields 4 X 5 and 6 X8cm.). 
Seven and one-half months later hoarseness 
reappeared and at this time thickening was 
present in the center of the left cord. 
Biopsy revealed only chronic laryngitis and 
the lesion cleared up promptly. 

In the patient (Case 6) with the epitheli- 
oma arising from the mucous membrane 
covering the angle of the jaw, treatment 


was followed by a denudation of bone in 
this area, which healed within a few 
months. He had 18 recurrent attacks of 
erysipelas of the face, probably starting in 
this area of denudation, and was treated 
with streptococcus filtrate. The last attack 
of erysipelas occurred June 2, 1933. The 
epithelioma has remained arrested since 
September, 1931. The patient with lympho 
epithelioma of the tonsil (Case 3) developed 
deafness on the side opposite the lesion, 
five months following the last roentgen 
treatment. This deafness persisted for six 
months, but for the past six months has 
been gradually disappearing, without treat 
ment. 

Sticky, tenacious mucus was common 
with all patients during and immediatel) 
following the reaction of the mucous mem 
brane. Dryness due to lack of saliva per 
sisted for months. Taste disappeared dur 
ing the period of reaction and returned very 
gradually during the next few months. 
Considerable weight was lost during the 
reaction, but, with few exceptions, was 
regained by the end of three months. The 
patient (Case 5) with the epithelioma of 
the tonsil, whose average weight was 15 
pounds lost 40 pounds during treatment 
and has not regained this loss during the 
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year that has since elapsed, although she 
is feeling and appears perfectly well. 


SUMMARY 


During 1931 and 1932 there were 31 
verified epitheliomas of the pharynx and 
larynx treated by a modification of the 
Coutard method of roentgen therapy; 14 of 
these have remained clinically well from 
nine to twenty-four months following ces 
sation of the treatment, while in 17 the 
disease was not arrested. Twenty-four of 
these cases were considered proper for 
evaluation of the method of treatment and 
of the criteria used for prognosticating its 
success or failure. Of 12 cases classified by 
microscopic criteria as radiosensitive, 9 
were arrested by treatment, while none 
of the 10 cases classed as radioresistant 
was arrested. Two cases in which the 
criteria were conflicting have been ar 
rested by treatment. 

This study confirms the experience of 
others that among the factors militating 
against successful treatment are: (1) ex 
tensive infiltrative growth, especially if it 
is associated with deep infection, and (2) 
tumor invasion or local nutritional changes 
of the laryngeal cartilages, because such 
processes the radioresistance of 
cartilage and favor chondronecrosis. 

Tracheotomy did not interfere with the 
treatment in our cases, whether done before 


reduce 


or after the course of roentgen therapy. 
The results reported are very early and 
may change with time. We believe that 
they are sufficiently encouraging, however, 
to warrant continuation of this method of 
roentgen irradiation in the treatment of 
epitheliomas of the pharynx and larynx. 
Additional Note: One year has elapsed since the 


presentation of the above material. Nine of the 
cases reported as clinically free from cancer appear 
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arrested up to the present, twenty-one to thirty-six 
months after the last treatment. Of the remaining 5: 
Case 2 died from coronary occlusion, apparently free 
from evidence of cancer, a year after treatment; 
Cases 8 and 11 recurred recently, were re-treated and 
for the time being seem well; Case g presents a thick- 
ening of the cord which clinically looks like a recur- 
rence, but its microscopic appearance is inconclu- 
sive; Case 4 recurred, was treated in another hospital 
and when he returned to us was so far advanced 
that further treatment was deemed inadvisable. 

Our views regarding the value of this modification 
of Coutard’s method have remained unchanged. It 
seems advisable, however, to reduce the daily roent- 
gens administered, especially where fields larger than 
10X10cm. are used. The smaller fields are generally 
preferred, providing the entire extent of the disease 
may be included in the irradiated field. 
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MALIGNANT DISEASES OF THE THYROID GLAND: 


By U. 


V. PORTMANN, M.D. 


Cleveland Clinic 
CLEVELAND, OHIO 


ITHIN recent years better under- 

standing of malignant disease has 
brought the realization that the histologic 
morphology of the tissue is not always a 
criterion by which such growths may be dif- 
ferentiated or classified, and does not al- 
ways indicate what may be their clinical 
course. This is particularly true of the ma- 
lignant tumors of the thyroid gland, there 
being certain points in their origin, develop- 
ment, structure and growth characteristics 
which are just as important as their micro- 
scopic morphology and must be taken into 
consideration in order to distinguish the dif- 
ferent types of growth and to understand 
the reasons for their peculiar variations. 
Therapeutic procedures should be planned 
on the basis of the growth characteristics 
of each different type of neoplasm. 


DEVELOPMENT AND STRUCTURE 

The main body of the thyroid gland 
originates from an anlage in the primitive 
pharynx as an outgrowth of epithelial cells 
on its dorsal surface. Two lateral anlages 
also appear but are unimportant except as 
they may become aberrant thyroids. The 
anlage of the thyroid enlarges by progres- 
sive hyperplasia of the epithelial cells into a 
glandular arrangement to form the individ- 
ually peculiar terminal compartments, or 
acini, which constitute the functioning part 
of thegland. No excretory ducts are formed. 
From the mesothelial bed of the primitive 
thyroid a fibro-elastic capsule and stroma 
develop to form septa which divide and 
subdivide the organ into lobes, lobules and 
a large number of terminal acinar vesicles. 
The glandular epithelium of the acini lies 
directly upon the connective tissue stroma, 
there being no true basement membrane. 

The concentric hyperplastic develop- 
ment of the glandular structures of the 


thyroid causes the oldest cells to lie in the 
center of the lobules and therefore not 
infrequently a superfluity of closely packed 
cells may be amassed within certain 
lobules, thus forming a nodule or tumor 
composed of modified glandular structures, 
and this is an adenoma. Because of their 
embryonic character the adenomas of the 
thyroid, as is true of similar tumors in 
glandular organs, may undergo many 
changes of function, growth or degenera 
tion. 

The thyroid gland is abundantly sup 
plied with blood vessels. The large bilateral 
superior thyroid arteries to the lateral 
lobes are branches of the external carotids, 
and the paired inferior arteries come from 
the subclavians. These vessels terminate 
as a rich plexus of arterioles and capillaries 
within the connective tissue which sur 
rounds the acini so that the epithelial cells 
are separated from the circulating blood 
only by the thin endothelial lining of the 
vessels. Veins and venous sinuses also are 
very numerous in the gland, and empty 
into a large plexus beneath the thyroid 
capsule from which the blood escapes into 
the thyroid veins. The bilateral superior 
and middle veins empty directly into the 
internal jugulars and the inferior veins 
which drain the deeper parts of the gland 
empty into the left innominate vein. Thus 
the venous communication is directly to the 
superior vena cava and thence to the heart. 

The lymphatic vessels follow the course 
of the blood vessels, most of the main 
stems passing to the superior deep cervical 
lymph nodes. The lymph vessels of the 
isthmus and adjacent parts of the lateral 
lobes also drain to the anterior surface of 
the trachea and there is a direct communi- 
cation from the capsular lymphatic plexus 
to the neighboring structures. 


* Read before the American Congress of Radiology, Chicago, Ill., Sept. 25-30, 1933. 
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CLINICAL ASPECTS OF DEVELOPMENT 
AND STRUCTURES 


This review of the development and 
anatomic structure of the thyroid is im- 
portant from the clinical standpoint for 
the following reasons, which will be dis- 
cussed later in connection with the differ- 
ent types of malignant tumors. 


(1) Thyroid tissue consists largely of 


glandular epithelial cells. Hence, on the 
basis of the laws of probability, epithelial 
neoplasms or carcinomas should occur 
with proportionately greater frequency 
than the mesothelial neoplasms or sar- 
comas. 

(2) The character of the concentric and 
hyperplastic development of the thyroid 
glandular structure predisposes to the pro- 
duction of localized adenomatous tumors 
which may undergo many kinds of degen- 
ative changes, including malignancy, be- 
cause of their inherent embryonic stimulus 
to hyperplastic growth. 

(3) The acini of the thyroid have no 
basement membrane, and because their 
cells lie in such close proximity to the ves- 
sels, they may readily penetrate into the 
circulating blood and may be quickly dis- 
tributed to different parts of the body as 
metastases. 

(4) The lymphatic distribution and 
drainage of the thyroid cause the deeper 
cervical lymph nodes to be involved by 
certain types of malignant processes fairly 
early, frequently before they can be de- 
termined clinically, and the abundant 
infracapsular plexus permits direct exten- 
sion to adjacent structures, particularly to 
the trachea. 


MALIGNANT ADENOMAS 


The term malignant adenoma was sug- 
gested by Dr. Allen Graham to designate 
those carcinomas of the thyroid which 
originate in pre-existing adenomas, ex- 
clusive of the papillary cyst adenomas. 
This group constitutes about 90 per cent 
of all malignant lesions of the gland, and at 
least 90 per cent of the epithelial thyroid 
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malignancies can be proved to have orig- 
inated in pre-existing adenomas. 

When a pre-existing benign adenoma of 
the thyroid undergoes malignant change, 
the growth may present many combina- 
tions of morphologic transitions such as 
fetal, intermediate or mixed colloid adeno- 
mas, and any one, two or all of these 
transitions may be found in a single tumor; 
in fact, it is seldom that only one type is 
found. Therefore, adenocarcinoma, medul- 
lary carcinoma, scirrhous carcinoma, papil- 
lary carcinoma or carcinoma resembling 
sarcoma or any combination of these forms 
may occur in a malignant adenoma, or 
may be found in thrombi within the vessels. 
Because of this variability of structure, it 
is difficult to make a diagnosis of the type 
of growth on the basis of morphology alone; 
therefore, before the true character of the 
neoplasm can be established it is necessary 
to study the type of structure of the pre- 
existing adenoma, its duration and rate of 
growth, the character and reaction of the 
stroma, and especially the evidence of in- 
vasion of the blood vessels. 

The difficulty which attends the diag- 
nosis of these neoplasms and the chance of 
making an error, if only the histologic 
morphology of the tissue is taken into con- 
sideration to the exclusion of the other 
characteristics, is illustrated by the follow- 
ing reviews. Over a period of about twenty 
years, up to 1932, there were 330 cases at 
the Cleveland Clinic which were thought to 
be malignant thyroid neoplasms. Of these, 
186 were diagnosed as malignant adeno- 
mas because of their histologic morphol- 
ogy by four or five different pathologists. 
When they were reviewed a few years ago 
by Dr. Allen Graham it was necessary to 
discard 108 cases as not malignant, leaving 
only 78 cases of true malignant adenoma. 
As shown by Table 1, this elimination of so 
many cases was probably correct because 
of the 108 cases eliminated, only 4 patients 
are dead and all from some intercurrent 
disease, while of the 78 patients finally 
proved to have malignant adenoma, 46 
are dead of malignant disease. Treatment 
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TABLE I 


MALIGNANT 
Series of Cleveland Clinic Foundation to 1931 


| Total 

No operation 48 
Operation—no pathology 15 
Parastruma I 
Epidermoid 
Myxosarcoma 
Lymphosarcoma 11 
Spindle cell 5 
Sarcoma-carcinoma 
Carcinoma—unclassified 16 
Scirrhous 6 
Papillary 15 
Malignant adenoma | 78 
Adenocarcinoma not in adenoma 17 
Multiple types 3 
Adenomas discarded by Dr. Graham 108 


evidently was not a factor in the low mor- 
tality in the group of cases discarded, be- 
cause but few of these patients were ir- 
radiated, while the 78 patients with true 
malignant adenoma had both operation 
and irradiation in most instances. 

This discussion illustrates the error 
which may be made in considering a thy- 
roid tumor to be malignant when it is not 
malignant if only morphology of the tissue 
is the criterion on which the diagnosis is 
made. 

An error in the opposite direction is 
illustrated by the statement of Wilson* who 
said: 

In the Mayo Clinic, of ninety-seven patients 
operated on who have died of the disease or 
who when last heard from were known to have 
undoubted recurrences, usually metastatic, 
there were fifty whose clinical histories before 
the first operation contained no suggestion of 
malignancy. The glands removed at operation 
from all of the ninety-seven were examined 
pathologically, yet at the first operation 
twenty-three of these were passed by the 
pathologist without suspicion of malignancy. 


This quotation suggests that a considerable 


* Wilson, L. B. Malignant tumors of thyroid. Ann. Surg., 
1921, 74, 129. 
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number of malignant thyroid growths may 
escape the observation of the pathologist 
if only the morphology of tissue is the 
basis for the diagnosis. 

Of course, these errors were made in a 
period years past and since that time the 
accuracy of diagnosis has improved con 
siderably, but there still exists the possibil 
ity of error in either direction. 

Malignant adenomas are primarily en 
capsulated by the connective tissue which 
surrounds the pre-existing adenoma, but 
since the neoplastic epithelial cells lie in 
direct contact with numerous blood vessels 
in and around the tumor, these will be 
filled with neoplastic cells in almost every 
instance by the gradual expansion and 
invasion of the growth. They metastasize 
by way of the blood stream even though 
the growth may not have broken through 
its own capsule. This manifestation in the 
blood vessels is characteristic and dis- 


tinguishes malignant adenomas no matter 
what the histologic structure may be. 
Malignant adenomas are found in pa 
tients past middle age who have had a 
goiter for a long time which has begun to 
enlarge suddenly. The progress of the en 
largement may be relatively slow, even 
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with occasional regressions unrelated to 
any physiologic process. A hard tumor is 
found in the thyroid, usually unilaterally, 
but a smooth, firm, general enlargement 
sometimes occurs depending somewhat up 
on the duration and the rate of growth. 
About half of the cases can be diagnosed 
clinically, the others being discovered by 
the pathologist after removal of thyroid 
tissue for goiters, supposedly benign. 


ADENOCAKCINOMA NOT IN ADENOMA 


Occasionally a peculiar lesion is en- 
countered in the thyroid which may be 
called ‘‘adenocarcinoma not originating in 
adenoma.” This lesion has some character 
istics of carcinoma but is of very low grade 
malignancy. It originates in acinar epithe- 
lium, remains quite localized, is not en- 
capsulated and no mitotic figures are 
demonstrable. It might -be called “carcino- 
matoid”’ and is only of interest to patholo- 
gists, as it gives no clinical signs or symp- 
toms and is not fatal. 


SCIRRHOUS CARCINOMA 


The sort of stimulus to neoplastic growth 
which causes a scirrhous carcinoma to de- 
velop in the thyroid gland produces the 
same histologic changes in this organ as are 
found in scirrhouscarcinomas in other struc- 
tures. Fibrous tissue predominates and the 


neoplastic epithelial cells occur in masses of 


strands as if the malignant reaction were 
held in restraint so that glandular arrange- 
mentcannot take place. The growths are not 
encapsulated and, therefore, progressively 
invade the surrounding tissues which they 
destroy by infiltration through the lympha- 
tics and compress the blood vessels in fi- 
brous tissue. It cannot be determined that 
scirrhous carcinomas of the thyroid begin 
in adenomas, though there is no reason 
why they should not do so. As previously 
mentioned, a malignant adenoma may pre- 
sent localized areas of scirrhous formation 
along with other typesof malignant changes. 

These neoplasms seldom are discovered 
early by clinical examination but in the 
late stages and after recurrence, they are 
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extremely hard and fixed and the invaded 
lymph nodes are sometimes palpably en- 
larged. They grow very slowly but pro- 
gressively and are of low grade malignancy 
from the standpoint of rapidity of growth 
but destroy life by local constriction even 
before metastases develop. 


PAPILLARY CARCINOMAS 


Adenomas of the thyroid, like adenomas 
in other organs, may also undergo cystic 
degeneration and in turn these cystic 
adenomas may become malignant. When 
this occurs, multiple finger-like processes 
are formed in the walls of the acini in the 
arrangement which is characteristic of 
papillary carcinoma. The growth is at first 
confined within its capsule, but gradually 
the neoplastic columnar cells of the papillae 
invade and break through the thin stroma 
at the base of the acini in which they de- 
velop, and thus extend to adjacent acini 
and the lymphatics. They do not invade 
blood vessels, because of the avascularity 
of the cysts in which they originate, and 
because they are confined and primarily 
encapsulated. As would be expected from 
the nature of their origin and the character 
of their growth, these neoplasms are of a 
comparatively low grade of malignancy. 
As indicated previously, some malignant 
adenomas may contain areas with papillif- 
erous formation. 

Clinically the papillary carcinomas are 
usually unilateral, rather firm, nodular 
tumors which grow slowly but sometimes 
become very large. As the tumor progresses 
the structures about it are infiltrated and 
compressed and the skin may become red 
and edematous with eventual breakdown 
and ulceration. 


CARCINOMA-SARCOMA 


A rare tumor of mixed carcinoma and 
sarcoma occurs in the thyroid. The ept- 
thelial structures show changes character- 
istic of carcinoma and the abundant stroma 
presents the appearance of fibrosarcoma. 
There are numerous mitotic cells arranged 
atypically in both epithelial and meso- 
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thelial elements. Theoretically this type of 
tumor may begin as carcinoma which, be- 
cause of some peculiarity of growth or 
physiologic reaction, causes neoplastic stim- 
ulus to the stroma so that it also becomes 
malignant. However, there is little proof of 
the theory. Usually this tumor is errone- 
ously considered to be carcinoma, or is oc- 
casionally classified as fibrosarcoma, de- 
pending upon the type of cells which are 
found. There is no possibility of differ- 
entiating this growth clinically; it must be 
distinguished by microscopic examination. 
It appears as a hard, rapidly extending 
mass in a lobe of the thyroid. 


SARCOMA 


True sarcomas of the thyroid are rare in 
spite of the fact that the literature con- 
tains many reports of such cases. If the 
relative proportion of mesothelial elements 
to the epithelial structures is taken into 
consideration, it must be realized that sar- 
comas should be comparatively uncommon. 
The usual mistake 1s to call a very cellular, 
malignant adenoma a sarcoma. However, 
sarcomas originate in the mesoblastic ele- 
ments of the stroma and a study of differ- 
ent regions will usually distinguish them 
from malignant adenomas by the absence 
of epithelial cells in the tumor. 

The most common type of sarcoma of 
the thyroid is lymphosarcoma and it has 
the same characteristics as similar neo- 
plasms in any other organ. The growth is 
highly malignant and quickly infiltrates 
the thyroid and adjacent structures. Clini- 
cally, patients with lymphosarcoma give a 
short history of very rapid growth and usu- 
ally the entire organ is firm and fixed and 
the patient complains bitterly of choking. 
The rapid infiltration of the gland and ad- 
jacent structures, particularly extension 
into the upper mediastinum, usually de- 
stroys the host before distant metastases 
become evident. 

Fibrosarcomas, or spindle cell sarcomas, 
originating in the stroma also are seen oc- 
casionally, but they are very rare. They 
grow more slowly than lymphosarcomas 
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are indistinguishable from 


METASTASES 

Every patient for whom an operation on 
the thyroid is contemplated should first 
have a roentgenographic examination of 
the chest. Such an examination may reveal 
unsuspected benign intrathoracic or sub- 
sternal thyroids or metastases from a ma- 
lignant goiter that may or may not be dis 
covered by clinical examination. Pulmo 
nary metastases usually are seen as multi 
ple tumors or as a shower of small nodules 
of various sizes, particularly in the bases 
and they gradually enlarge and coalesce as 
the disease progresses. 

Metastases may also occur in bones, es- 
pecially in long bones, but also to some ex- 
tent throughout the rest of the skeletal sys- 
tem. When an otherwise unexplainable, but 
obviously malignant, lesion is discovered in 
a bone by roentgen examination, the thy 
roid should be suspected as the primary 
source of a neoplasm, even though there 
may be no other evidence of disease of this 
organ. 

Occasionally metastases occur in soft tis- 
sures as slowly growing tumors without 
any definite clinical characteristics and 
only microscopic examination will disclose 
their thyroid origin. 

Distant metastases are almost always 
from malignant adenomas. They develop 
from neoplastic cells which have invaded 
blood vessels, become detached and are dis- 
tributed through the circulation and form 
neoplastic emboli in various locations. The 
other types do not often produce distant 
metastases because these growths extend 
through the lymphatics. Because metas- 
tases have the histologic morphology and 
probable function of the parent neoplasm 
which may closely resemble normal thyroid 
tissue, they have been mistaken for aber- 
rant thyroid rests. 

When metastases are present, operations 
upon the thyroid usually are not indicated. 
However, even when metastases are pres- 
ent or when the growth has invaded the 


VoL. 6418 No. 4 


structure contiguous to the thyroid, it may 
be necessary to do a decompression opera- 
tion to remove some of the growth, or to 
perform a tracheotomy in order to relieve 
respiratory difficulty. Roentgen irradiation 
should be administered following such pal- 
liative operations to inoperable neoplasms 
and to metastases, some of which may thus 
be held in check for some time. 

TREATMENT OF MALIGNANT GOITER 

RESULTS 


AND ITS 


The procedure for the treatment of ma 
lignant tumor of the thyroid should be 
based upon its known growth characteris- 
tics. Only about 50 per cent of cases can be 
diagnosed clinically before operation; there- 
fore, half of them have had some sort of 
operation and are only discovered by the 
pathologist. 

When a definite diagnosis of malignant 
goiter can be made by clinical examination 
the condition usually is inoperable from the 
standpoint of curability because of the 
probability of invasion of the vessels in the 
tissues which cannot be removed. Some- 
times, however, palliative operations are 
advisable and at least a biopsy should be 
done to determine the type of neoplasm in 
order to carry out a logical therapeutic pro- 
cedure. In any case, in operating on a pa 
tient with malignancy of the thyroid, the 
surgeon should always have in mind the 
possibility of causing embolic metastases 
by harsh manipulation. 

In our series of 48 cases of different types 
of malignant disease of the thyroid which 
were considered to be inoperable, 36 pa- 
tients have been traced and §¢ are still alive; 
the longest survival in a proved case has 
been ten years. This patient received 
roentgen irradiation following a postopera- 
tive recurrence of a malignant adenoma. 
The average length of life of the patients 
living has been forty-one months and of the 
dead was twenty-seven months. 

When a malignant adenoma is discov- 
ered, treatment is begun with roentgen ir- 
radiation regardless of whether or not the 
surgeon believes he has removed all of the 
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growth, because there is always the possi- 
bility of invasion of the blood vessels 
outside the field of operation. Since 
about 90 per cent of the malignant neo- 
plasms of the thyroid are malignant adeno- 
mas, the blood vessels are probably in- 
vaded and so interstitial irradiation is 
seldom employed at the time of operation. 
This treatment may be used with less 
hazard after the neoplasm has been rend- 
ered dormant by roentgen irradiation, or 
later, if it is obvious that the roentgen 
treatment has not been entirely efficacious. 
Most of the malignant adenomas are quite 
sensitive to irradiation not only because 
the neoplastic cells in the tumor and those 
in the vessels are radiosensitive, but also, 
no doubt, because of the secondary fibros- 
ing and obliterating effect upon the capil- 
laries which prohibits further extension. 
Roentgen irradiation alone has been quite 
efficacious in our experience. 

Of 78 cases of proved malignant ade- 
noma in our series, 32 per cent of the pa- 
tients are alive, the longest for seventeen 
years and the average for six and one- 
fourth years. 

The adenocarcinomas not originating in 
adenomas are so localized and of such low 
grade malignancy that none of them re- 
quire irradiation. Of 17 patients with this 
carcinomatoid growth, 16 of whom have 
been traced, all are well. 

Scirrhous carcinomas may be recognized 
at operation as a very hard growth. It 1s 
almost a certainty that such a growth has 
invaded the lymphatics and other struc- 
tures contiguous to the thyroid and has 
extended widely through the lymphatics, 
and for this reason cannot be entirely ex- 
cised. Scirrhous carcinomata are highly re- 
sistant to irradiation, and since they de- 
stroy life before distant metastases de- 
V elop, they should have interstitial irradia- 
tion followed by roentgen irradiation, al- 
though even with this procedure the prog- 
nosis is very bad. Of the 6 patients we have 
seen, all of them are dead; the patient who 
survived for the longest period after opera- 
tion lived for only six months. 
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Occasionally a papillary carcinoma may 
be so localized and encapsulated that it 
may be excised completely, but when there 
is clinical, gross or microscopic evidence or 
a suspicion that the growth has extended 
through the lymphatics into the surround- 
ing thyroid gland structure or adjacent tis- 
sues outside the field of operation, itradia- 
tion should be administered. These growths 
do not invade blood vessels early as do ma- 
lignant adenomas, and therefore the appli- 
cation of interstitial irradiation is not so 
hazardous. If and when this type of growth 
is recognized at operation, interstitial ir- 
radiation may be applied at once to be fol- 
lowed later by roentgen treatment. If the 
neoplasm is discovered subsequent to oper- 
ation, it is advisable to depend upon roent- 
gen irradiation unless growth continues, 
and then a second more extensive operation 
and implantation of radium in one form or 
another may be necessary. Some of these 
growths yield to irradiation. Papillary car- 
cinoma has been found in 15 of our cases. 
Nine patients are alive, one ten and three- 
fourths years and the average for six years. 

The carcinoma-sarcomas and the spindle 
cell sarcomas are also highly malignant and 
radioresistant, and usually only recogniza- 
ble by the pathologist. Of 5 cases of car- 
cinoma-sarcoma at the Cleveland Clinic, 
the longest survival period was eleven 
months and all 5 patients with spindle cell 
sarcoma died with five months. 

The lymphosarcomas of the thyroid are 
more undifferentiated and therefore more 
radiosensitive. Operation alone seldom can 
effect a cure and it is advisable to employ 
both interstitial and roentgen irradiation. 
Eleven lymphosarcomas have been en- 
countered in our series; 9 of the patients 
were traced, 1 died immediately postopera- 
tively and of the 7 known dead, the longest 
survival period was seven months. One pa- 
tient is still alive after ten years and an- 
other has been well for almost two years; 
these patients had roentgen therapy follow- 
ing operation. 
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TECHNIQUE OF IRRADIATION 

The technique of applying radium irra 
diation to malignant goiters should be 
planned according to the type and size of 
growth. The more resistant neoplasms 
should be given as great an intensity as is 
possible. Fither gold radon seeds or needles 
may be employed as indicated, the former 
preferably for the infiltrating growths and 
the latter for those larger tumors. The con 
tainer should be placed to irradiate the 
trachea without damaging it. As has been 
pointed out, it is better not to thrust 
needles into malignant adenomatous tissue, 
and so roentgen irradiation should be em 
ployed primarily to be followed by inter 
stitial irradiation, if necessary. 

In administering roentgen irradiation we 
have been using 200 kv. and heavy filtra 
tion (0.5 to 0.75 mm. Cu) giving an effec 
tive wave length of about 0.15A. 

The skin tolerance dose is considered to 
be 800 roentgens when back-scattering is 
included. 

The fields are planned to crossfire an 
teriorly and posteriorly the thyroid area, 
the supraclavicular region and the upper 
mediastinum regardless of whether or not 
the growth is considered to be bilateral. 
The roentgen beam is directed to the mid 
line from each portal and includes the 
trachea and thyroid isthmus which should 
receive a therapeutic dose on account of 
the probability of neoplastic invasion. In 
flammation within the trachea may ensue 
at the height of the irradiation reaction, 
but usually can be relieved by intratra 
cheal injections of oil, although in some pa 
tients who have had extensive invasion 
necessitating large doses of radiation, a tra 
cheotomy may be necessary. Ulceration in 
the trachea has been produced in a few in 
stances but this has not been a serious com 
plication and the temporary discomfort 1s 
better than death from the disease. 

The cases of malignant thyroid neo- 
plasms which have been discussed are from 
the surgical services of Dr. George W. Crile, 
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Dr. William E. Lower, Dr. Thomas | 

Jones and Dr. Robert S. Dinsmore of the 
Cleveland Clinic Foundation. All of the 
cases have been studied pathologically by 
Dr. Allen Graham. Of the total of 
proved cases of malignant disease of the 
thyroid seen before 1932, 222 are included 
in this report; the others are too recent to 
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be of interest. One hundred and eight ad- 
ditional cases, at first considered to be ma- 
lignant on the basis of their histologic mor- 
phology, have been discarded after more 
detailed study by Dr. Graham because of 
insufficient evidence of malignancy. Un- 
fortunately, some of these discarded cases 
have been included in previous reports. 
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PRIMARY NEW GROWTHS INVOLVING THE HAND: 


By BERNARD F. SCHREINER, M.D., F.A.C.S., and WILLIAM H. WEHR, M.D. 


BUFFALO, NEW YORK 


URING twenty years, from 1913 to 
1933, there were examined in the 
State Institute for the Study of Malignant 
Disease, 17,474 cases. There were 11,212 
malignant lesions but only 128 of these 
were on the hand. There were 7,106 benign 
lesions. The records show that 137 involved 
the hand. 

As some of the benign lesions may be re- 
garded as precancerous it may be interest- 
ing to note how often these occur and com- 
pare their frequency with the frequency of 
the malignancies. 

The inflammatory lesions include, 1 
tuberculosis, 3 ring worm infection, 3 osteo- 
myelitis, 12 eczema, 7 inflammatory lesions 
in the soft tissues, 6 granuloma pyogeni- 
cum, 2 molluscum contagiosum. 

Excellent results followed the treatment 
of the case of tuberculosis of the skin by 
irradiation, excision, and skin grafting. 
Ring worm infection, eczema and the in- 
flammatory lesions in soft tissues were 
treated in the usual way; and surgery was 
found to be most satisfactory in treating 
the cases of osteomyelitis and molluscum 
contagiosum. 

Five of the 6 cases of granuloma pyo- 
genicum occurred on the fingers and 1 on 
the palm of the hand. A history of injury 
was given in only one of these cases. Three 


Fic. 1. Angio-fibro-papilloma involving the fingers. 


of them were treated by excision; 2 by un 
filtered roentgen rays and 1 by radium 
bomb. All were healed. 

The benign tumors included one case of 
lipoma of the hands. It was part of a gen- 


Fic. 2. Giant cell tumor in the soft tissues 
of the thumb. 


eral lipomatosis and was not treated. (It 
may be noted here that Desbonnes! re 
ported, in 1926, a case of lipoma of the 
palm of the hand.) A case of angio-fibro- 
papilloma, involving all the fingers of the 
hand (Fig. 1) was treated by irradiation 
and surgery and showed marked improve 
ment; I case of sebaceous cyst, 3 cases of 
fibroma, and 2 cases of ganglion occurring 
on the back of the hand and on the wrist, 
were treated surgically; 3 cases of keloid 
were improved by irradiation. In 5 cases of 
nevus resort was had to coagulation, ir 
radiation, or surgical removal. All re 
mained well. Three lesions occurred on the 
wrist and 2 on the back of the hand; none 
were on the palm of the hand. Seven 
angiomas were encountered, 4 appearing 
before the age of seventeen and 3 after the 
age of forty-two. Six were treated by ir 


* From the State Institute for the Study of Malignant Disease, Buffalo, N. Y. (Burton T. Simpson, M.D., Director). Rea 


the American Congress of Radiology, Chicago, III., Sept. 25-30, 1933. 
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radiation and 1 by surgery. All remained 
well. 

Seven cases of giant cell tumor also were 
recorded, 4 on the thumb (Fig. 2); one on 
the palmar surface of the ring finger; one 
on the inner surface of the fourth finger; 
and one on the palm of the hand at the base 
of the first and second fingers. All were 
treated by surgical removal followed by 
irradiation and have remained well. 

Mason and Woolston,’ in 1927, reported 
on isolated giant cell xanthomatic tumors 
involving the hand. Robbins,® in 1926, and 
Thomson? in 1928, recorded multiple chon 
dromata of the hand. We have observed no 
primary bone tumors. Kahn and Cohn,' 
in their article on bone lesions of the hand 
and foot, call attention to the fact that 
primary bone tumors of the hand are rare. 

Thirty-three cases of papilloma were 
noted. Half of them had occurred before 
the age of fifty. All were successfully 
treated by endothermy, irradiation, or sur- 
gical removal. 

Forty cases were diagnosed as keratosis 
or hyperkeratosis. Most of the lesions in- 
volved the back of the hand. These oc- 
curred in older persons and were generally 
senile changes resulting from exposure or 
trauma, or both. By treating these lesions 
with soft irradiation excellent results were 
obtained. Such lesions are of great im- 
portance as they often undergo malignant 
change. 

In discussing our group of 128 malig- 
nancies of the hand, we shall present them 
in order, passing from the least common up 
to the most common. Although our statis- 
tics revealed that malignant hand tumors 
comprise only a little more than I per cent 
of all the malignant lesions encountered, 
nevertheless we believe that they are de- 
serving of very serious consideration in 
order to determine a method of treatment 
not only to save life but to avoid, if pos- 
sible, the sacrifice of such an important 
member as the hand. 

Only 3 cases of nevus cell carcinoma, or 
melanotic sarcoma, were recorded involv- 
ing the hand. Two cases occurred in fe 
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males, aged sixty-three and sixty-eight, re- 
spectively, and originated in nevi on the 
palm of the hand. The third case occurred 
on the thumb of a male, aged fifty-one. At 
the time of admission these 3 patients 
showed generalized metastases to lymph 
nodes and skin and also to bone and inter- 
nal organs and were treated symptomati- 
cally and palliatively by irradiation. This 
infrequency of the disease as here cited is 
noteworthy in contrast to our statistics of 
tumors involving the foot.’ In studying 
those figures, we find that the most com- 
mon malignant lesion occurring on the foot 
is the nevus cell carcinoma. 

Four cases of sarcoma were encountered; 
all in the soft tissues. In one of these the 
metacarpal bone was involved secondarily. 
This tumor occurred in a fifteen year old 
girl and was treated by radium pack. 
Marked regression of the tumor followed, 
but sixteen months after admission the pa- 
tient died from mediastinal and lung 
metastases. In another of these cases there 
was an angiosarcoma of the thumb occur- 
ring in a woman sixty-eight years old. The 
metastases from this case were so extensive 
that the case was considered hopeless. 
However, considerable palliation resulted 
from irradiation, as was shown by regres- 
sion of the primary as well as of the meta- 
static tumors, but the patient died nine 
months after the beginning of treatment 
from general metastases. One was a spindle 
cell sarcoma which occurred in a male, 
aged sixty-six, and originated on the 
thumb. This was treated by surgical re- 
moval of the tumor followed by prophy- 
lactic treatments with high voltage roent- 
gen rays. This patient is alive and well two 
years after treatment. (In 1930, Simen- 
stad® reported a case of spindle cell sar- 
coma of the hand.) The fourth case was an 
angio-endothelioma on the wrist in a male, 
aged fifty-three. This tumor had been re- 
moved seven months previous to admission 
and at the time of admission showed numer- 
ous metastatic skin nodules over the wrist 
and forearm. After several courses of high 
voltage roentgen rays the forearm was am- 
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putated. A few weeks after amputation 
the patient developed liver and lung metas- 
tases and died two years four months after 
admission to the Institute. 


Fic. 3. Basal cell epithelioma involving 
dorsum and side of hand. 


Twenty cases of basal cell epithelioma 
were recorded. This disease is essentially a 
disease of old age and occurs mostly after 
the age of sixty. All these cases were treated 
by irradiation, either unfiltered low power 
roentgen rays or else by means of radium. 
In only 1 case did the disease progress in 
spite of treatment, the patient dying in 
two years from the malignancy. One case 
has not returned for observation since 
treatment. All of the rest have healed. 
Ninety per cent of those treated over five 
years ago have remained well five years or 
longer or until the patient’s death from 
other causes. (See Figs. 3 and 4.) 

The most common and most important 
malignant tumor on the hand is the pearl 
cell or prickle cell epithelioma, or acan- 
thoma. This is essentially a disease of old 
age as will be seen by the following table: 
Age of 
incidence: 32-39 40-49 50-59 60-69 70-79 80-89 91 
Number 
of cases: 2 3 1S 29 33 18 I 


We see that the youngest patient is 
thirty-two, the oldest, ninety-one. 

In the ror cases of pearl cell epithelioma 
which are recorded at the Institute, 85 oc- 
curred on the back of the hand, 8 on the 
fingers, 3 at the base of the thumb, 2 on the 
palm of the hand, and 3 on the wrist. 

The etiology of these tumors is very ob- 
scure. Nevertheless, in their histories cer- 
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tain factors stand out prominently: the 
exposure to sunlightand inclement weather; 
(4) injuries such as cuts, bruises, wounds 
from foreign bodies, thorns, and scratches; 
(c) other sources of irritation such as der- 
matoses, chronic eczema, pigmented xero- 
derma, lupus, senile seborrhea, and chronic 
ulcers; (7) warts which in the later years 
of life have been subjected to trauma or to 
incomplete removal; (e) old scars from 
burns or from roentgen dermatitis. 

Of the patients suffering from squamous 
cell epithelioma of the hand, 34, one-third 
of the total number, were farmers. All the 
women, 13 in number, did housework. The 
rest, except for 3 salesmen, I attorney, and 
I minister, were engaged in work which 
subjected their hands to the above men- 
tioned irritations and injuries. 

Epithelioma of the hand is developed 
from the epithelial cells of the skin. There 
are two main varieties: the basal cell 
epithelioma which practically never me- 
tastasizes and the prickle cell, pearl form- 
ing type, or acanthoma, which usually 
metastasizes. Excellent descriptions of the 
evolution of this pathological process are 
given by Ewing? in his textbook on Neo- 
plastic Diseases, and by Tourneux"’ in an 
article on cancer of the back of the hand. 


Fic. 4. Showing lesion in Figure 3, healed 
after radiation treatment. 


These neoplasms begin as small warts, the 
consistency of which is hard and the base 
constituted of a hypertrophy of the papil 
lae of the skin. The warts enlarge and be 
come vascularized. They itch, are cracked 
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and excoriated. The crevasses thus formed 
give birth, repeatedly, to ulcerations which 
produce a serous liquid containing some 
epithelial cells and leucocytes. 


Fic. 5. Pearl cell epithelioma dorsum of hand. 


Group I case involving skin only. 


The epithelioma, stretching out between 
the papillae, invades the dermis and pro 
duces there an active cellular proliferation 
which constitutes a zone of invasion and 
infiltration of neighboring tissues. As soon 
as the epitheliomatous productions invade 
the surrounding tissue, inflammation of the 
integument becomes apparent. Only the 
zone of invasion separates the neoplastic 
proliferation from the sound tissues, and 
then the ulceration is extended deeply and 
widely, taking variable forms—fissures, ul 
cers, cauliflower-like tumor masses. These 
forms of ulceration destroy the sound skin, 
attack the hypodermis and reach the ad- 
jacent layers underneath. At the same time 
the tendon sheaths may be invaded. 

The skin covering the back of the hand 
is very thin. But little subcutaneous tissue 
separates it from the lymphatics and the 
blood vessels, fascia, tendon sheaths, and 
bones. The first relay of lymph nodes is to 
the epitrochlear, thence on to the axillary 
nodes. When these epitheliomas ulcerate 
and extend deep to the subcutaneous tis 
sues and tendon sheaths, infection super- 
venes. This causes a more rapid growth 
with a subsequent breaking down and ul 
cerating and absorbing of the toxic prod 
ucts, thus rendering any form of treatment, 
especially irradiation, very dubious. 

Clinical experience with these lesions en- 
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ables one to differentiate them from be- 
nign warts and other lesions, such as lupus, 
or keratoses of various kinds. But when- 
ever doubt exists recourse should be had to 
complete excision of the lesion, or, in larger 
lesions, to biopsy. 

In order to evaluate the results of any 
form of treatment in this disease, we find it 
necessary to divide the lesions into three 
groups. The small or superficial lesions 
without regional metastases, we have 
placed in group 1; the larger lesions which 
involve the subcutaneous tissues and ten- 
don sheaths or even bone, without demon- 
strable metastases, in group 11; the large 
and also small lesions showing metastases, 
in group III. 

Of the 101 cases of pearl cell epithelioma, 
52 cases fall into group 1 (Figs. 5 and 6). 
Kighteen of these cases were admitted more 
than five years ago. One case was not 
treated; I case was excised after roentgen 
treatment and cauterization before admis- 
sion; 2 cases had excision only; 14 cases 
were treated by irradiation only, either un- 
filtered low power or high voltage roentgen 
rays. The results of treatment in these 18 
cases were: 

Four cases are clinically well for five 


Kic. 6. Showing lesion in Figure 5, healed 
after radiation treatment. 


years or more; 5 cases remained undeter- 
mined because the patients did not return 
for observation after treatment; 2 cases 
were lost trace of, 1 after being well for 
seven months and the other for two years; 
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6 cases died from intercurrent disease after 
remaining clinically well for periods vary- 
ing from five months to two years and 
eleven months. Thirty-four cases were ad- 


Fic. 7. Pearl cell epithelioma dorsum of hand. 
Group 1 case involving tendon sheaths. 


mitted less than five years ago. Two of 


these cases were not treated. In another 
case the result of treatment was undeter- 
mined, as the patient did not return after 
treatment. One case was operated on else- 
where with skin flaps made from the ab- 
domen and the lesion was implanted into 
the abdominal wall. The patient died from 
general metastases. In the 30 cases re- 
maining, primary healing followed irradia- 
tion in 25 cases; excision and irradiation, 
in 4 cases; and coagulation in 1 case. In 
only 1 case had an axillary node developed. 
This persists though the patient is too 
feeble to return for further observation or 
treatment. 

Into group 1 fall 27 cases, all having 
subcutaneous tendon involvement or bone 
involvement. Sixteen of these cases were 
admitted over five years ago. One was not 
treated; 3 have remained clinically well 
for five years or more, 2 of the 3 have 
been treated by unfiltered roentgen radia- 
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tion, followed by amputation, and the 
remaining case by high power roentgen 
rays only. Seven cases died of the disease; 
1 dying in six months; 2 within one to 
two years; I in two years and two months, 
1 in four years and eight months. In each 
of these 2 latter cases the hand had been 
amputated. The lesion recurred on the 
stump of one of them, but in the other 
case the stump remained healed and the 
patient died from extensive metastases. 
One died three years after admission. This 
patient had undergone amputation of the 
index finger and metacarpal bone. At the 
time of death from metastases the original 
lesion had been healed for one year and 
eight months. 

One patient died six years and three 
months after admission. Treated with 
roentgen irradiation for four years, the 
lesion on this patient would heal and then 
break down again. Four‘years*after his 
admission the hand was amputated and 
the stump healed. The patient died of 
metastases in the axilla. Two cases die 
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of intercurrent disease, 1 after being well 
for three years. The other case remained 
well nine months. Then there was a recur- 


Fic. 8. Showing lesion in Figure 7, healed 
after radium pack treatment. 
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rence, and he died before the lesion could 
heal from further treatment. We lost trace 
of 3 cases. One was clinically well for three 
months; 1 was clinically well one year and 
four months; and in the third case the 
lesion, observed only once before we lost 
track of him, showed some improvement. 

Eleven cases were admitted less than 
five years ago. Two of the cases healed 
after undergoing irradiation and amputa- 
tion (see Figs. g and 10). Five healed 
after treatment with irradiation only (see 
Figs. 7 and 8). Two died of metastases; 
1 in six months and the other in ten 
months. At the time of death there was no 
recurrence on the stump. One case re- 
ceived high power roentgen rays and 
radium pack treatment at the Institute, 
then elsewhere the arm was amputated 
above the elbow. Due to his feebleness, 
the patient has not returned for observa- 
tion, but we have been informed that there 
is a recurrence on the stump. One case 
was treated by irradiation four years ago. 
A chronic ulcer persists but there is no 
evidence of malignancy. 

Twenty-two cases in which there were 
definite metastases, fall into group I1I. 
Three of these cases were not treated as 


Fic. g. Pearl cell epithelioma of hand following 
roentgen dermatitis. Group 11 case with tendon 
involvement. 
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they were considered hopeless. Nine cases 
were treated by amputation of the hand 
and also by irradiation to the metastases. 
One of these remained clinically well for 


Kic. 10. Showing lesion in Figure g, healed after a 
course of radiation treatment followed by re- 
. section of a part of the hand. 


six years and eight months. Then death 
occurred from intercurrent disease. Four 
patients died of metastases in periods 
ranging from six weeks to three months. 
There was no recurrence on the stump. 
One patient died three years and ten 
months after being admitted, death taking 
place from recurrence and metastases also. 
Only one finger had been amputated. An- 
other patient died of intercurrent disease 
within two months after disarticulation 
of the arm at the shoulder and the removal 
of all metastatic nodes. There was no re- 
currence of malignancy at the time of 
death. One patient, treated with radium 
packs and radium needles, followed by 
amputation, is now well. 

Ten cases were treated by irradiation 
only. Four died of the disease and of 
metastases in from two months to two 
years and three months. One of the latter 
was clinically well for one year. Then 
there was recurrence of the original lesion 
and the metastases. Two died of inter- 
current disease, 1 after having remained 
well for one year and eight months and 
the other for two years and three months. 
Another patient has remained clinically 
well for two years and four months and 
another one for two years (see Figs. 11 
and 12). One patient was lost trace of 
after six months. His lesion had grown 
progressively worse. One patient has not 
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Kic. 11. Extensive pearl cell epithelioma of back of 
hand, Group 1 case with metastatic node in 
epitrochlear region. 


been observed since his last treatment. 

Hart* discusses the more common types 
of tumors of the hand as well as the rarer 
ones and gives their surgical treatment. 

In treating the pearl cell epithelioma, 
experience proves that if the lesions are 
discovered early, irradiation suffices to 
effect a cure and thus renders rare the 
sacrifice of so important a member as the 
hand. Far advanced lesions involving 
the tendons and bone should be given the 
benefit of irradiation. If this fails, then 
resort should be had to prompt amputa- 
tion. If metastatic nodes coexist, and the 
hand lesion is small, the primary lesion 
may possibly be eradicated by irradiation. 
The metastatic lymph nodes, if treated by 
surgery, should later be treated by irradia- 
tion. 

Should metastatic nodes be favorably 
situated, they may be eradicated by 
radium needles, containing I to 2 mg. of 
radium per centimeter of length, or else 
by means of large radium packs. Purely 
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; 
Kic. 12. Showing lesion in Figure 11, healed after 


radiation treatment. Node in epitrochlear als 
appeared after irradiation. 


surgical intervention in the case of meta 
static epithelioma from the hand is of 
doubtful curative value. 


CONCLUSIONS 


t. Superficial epitheliomas of the hand 
are curable by irradiation with roentgen 
rays or radium, the healings lasting until 
death of the patient from other causes. 

2. The more extensive lesions with ten 
don involvement but no demonstrable 
metastases are sometimes healed by ir 
radiation but amputation must be resorted 
to in many of these cases as a life saving 
measure. 

3. In far advanced lesions or in small 
lesions showing definite metastases of the 
lymph bearing areas, the treatment by 
irradiation, or by irradiation and surgery, 
proved to be, with few exceptions, only 
palliative. 


~ 
3 
a 
4 * 
if ‘ tinh 
| 


Vor. XXXII, No. 4 Primary New Growths Involving the Hand 


4. In 128 cases of malignancy of the +. Kaun, M., and Conn, L. C. Diagnosis and 
hand, 20 cases of basal cell epitheli ma treatment of bone lesions of the hand and foot, 
T . : with special reference to bone tumors. Radi 
were Observed. These lesions with very 
Hogy, 1g2 »O, 209 2Q!I. 
few exceptions rem uned well hve years 5. Masow, M. L.. and Wooisron: W. 
or longer, or until death ensued from other giant cell xanthomatic tumors of the fingers 
causes. and hand. Arch. Surg., 1927, 75, 499-529. 
s. Sarcoma involving the hand is a ©- Rossins, C. M. Multiple chondromata of the 
Vureg me 926. 6 77 
comparatively rare tumor. hand. Surg. Clin, N. Amer., 1926, 6, 1473 
1475. 
. SCHREINER, B. F., and WenHr, W. H. Primary 
REFERENCES 
malignant tumors of the foot. Radiology, 1933, 
1. Desponnes, G. Lipoma of the hand. ¥. d. sc. 27, $13-521. 
méd. de Lille, 1926, 44, 281-285. 8. SimenstabD, L. O. Spindle-cell sarcoma of the 
2, Ewinc, James. Neoplastic Diseases. W. B. hand following continued irritation. /nternat. 
Saunders Company, Philadelphia, 1g28, Chap I. Med. & Surg., 1930, 4}, 431-434. 
ter XLII. ». THomson, J. W. A case of multiple chondro- 


3, Hart, Dery. Surgery of the Hand. In: Lew 
Dean. Practice of Surgery, Vol. v, Chapter 


pp. 232-298. 


mata. Brit. Surg., 
lourneEux, J. P. Cancer of the back of the 
hand. Progrés méd., Jan. 24, 1931 


1928, 70, 16 


» 149 158, 


t 
| 


OctToBt 


OPERATION OF THICK-WALLED ROENTGEN-RAY 
TUBES ON RECTIFIED POTENTIALS* 


By LAURISTON S. TAYLOR and C. F 
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Bureau of Standards 


WASHINGTON, D. C. 


ABSTRACT 

It is found that thick-walled glass, deep 
therapy roentgen-ray tubes do not reach a 
steady state within the first few minutes of 
operation on some types of generator. All thin- 
walled tubes tried thus far quickly reach a 
steady operation state. Depending upon the 
mode of control of the generator, the roentgen- 
ray emission of a thick tube may increase or 
decrease by 10 to 20 per cent on mechanical or 
valve tube rectifiers and not reach a steady 
state until some ten minutes after starting. 
The change in roentgen-ray emission between 
the second and tenth minute of operation ap- 
pears to depend upon the electrical regulation 
of the transformer. Partial cooling of the tube 
walls with strong air blasts delays the attain- 
ment of the steady state but does not affect 
the magnitude of the net change in emission. 
For some generators the output remains steady 
if the eftective tube current and voltage be 
maintained constant. A qualitative explanation 
of the effect is based on the blocking action of 
the high negative charge on the glass walls 
when the tube is cold. As the tube warms up 
this charge is dissipated through the increased 
electrical conductivity of the glass. The in- 
fluence of the effect upon dosage measurements 
is discussed. The effect is absent when the 
tube is operated on nearly constant potential. 


I. INTRODUCTION 

NTIL recently deep therapy roentgen 

tubes of the glass bulb type have been 
of soda or other soft glass, with bulbs less 
than 1 mm. in thickness. These tubes were 
generally satisfactory unless placed in too 
restricting an enclosure, such as the small- 
er of the conventional “tube drums.’”! 


Within the last two years a tube of 


1 Some qualitative experiments in this laboratory (Taylor, 
L. S., and Tucker, K. L. Bur. Standards F. Research, 1932, 9, 
333 (RP 475)) have shown that for satisfactorily steady opera- 
tion of a thin-walled tube in such a protective enclosure, there 
must be a minimum spacing of about 12 to 14 inches between the 
bulb and any grounded metal parts. 


pyrex glass having walls 5 to 7 mm. thick 
has largely replaced the common glass 
tubes. The pryex tubes have several ob- 
vious advantages; for example, much high 
er baking temperatures can be used, with 
consequent improved out-gassing in their 
manufacture. Another feature of the thick 
wall is the smaller likelihood of its punc 
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ture. Where a strong negative charge is 
built up on the inner wall, the potential 
difference between it and the anode may 
rise to a point where spark-over occurs 
through air from the bulb wall to the 
anode lead, possibly puncturing the bulb. 
Sometimes, without actual spark-over, 
sufficient current may pass through the 
bulb at some point to cause local heating 
of the glass, with consequent release of 
gas, and a lowering of the vacuum. Thick 
glass walls would tend to eliminate either 
of these effects. 

Probably most important, and unfor- 
tunately not entirely advantageous from 


* Read by title at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 27-30, 1932 
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an operation standpoint, is the influence 
of the thick-walled bulb upon the space 
charge distribution within the tube. In 
normal operation the inner walls of a 
roentgen tube acquire a strong negative 
charge through electrons scattered from 
the target or lost directly from the cathode 
stream. This accumulated charge reduces 
the field intensity at the electron source 
and for a given applied potential must 
correspondingly increase it toward the 


anode, resulting in a “focusing effect” of 


the cathode beam. This also changes the 
operating characteristics of the tube, in 
that higher potentials may be required to 
produce a given instantaneous electron 
current. With thin-walled tubes an ap 
preciable amount of local leakage from 
the inner to the outer surface causes a 
shifting field and a varying roentgen-ray 
output. lor steady action of the tube it is 
necessary that this wall charge be either 
largely eliminated or made very steady. 
Its influence is not detrimental to the use 
of the tube but must be taken into con 
sideration, with tubes operated in the usual 
manner. 

In using several thick glass tubes it was 
noted that while eventually their output 
became extremely steady, this condition 
was not reached until several minutes after 
starting. As this delay in reaching steady 
operation might have a serious influence 
upon dosage measurements it became im 
portant to investigate the cause of the lag. 
In this connection we were interested too 
in the relationship between the effective 
voltage applied to the tube and the roent 
gen-ray output. 


Il. APPARATUS 

We have investigated the operation of 
3 thick-walled roentgen tubes of different 
manufacture and 2 thin-walled tubes on 
six different generators: a constant poten 
tial, o.2 per cent ripple per ma., (B.S. 
Standard),? a constant potential 2.0 per 
cent ripple per ma. (commercial), a cross- 


2 Taylor, L. S. Bur. Standards F. Research, 1928, 2, I 
(RP <6) 
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arm mechanical rectifier, a double disk 
mechanical rectifier, a half wave valve 
tube rectifier, and a full wave valve tube 
rectifier. 

To eliminate uncertain variables, each 
generator as used was connected to the 
same aerial system, meters, controls, etc., 
and the several tubes successively operated 
in the same container—a lead-covered box 
4X47 feet. For cooling purposes the ex- 
hausts from two pressure blowers were 
directed at specified times on the bulb ot 
the roentgen tube, as indicated in Figure 
1. To insure proper direction of these air 
blasts, the air was conducted in two 23 
inch rubber tubes to within about an inch 
of the bulb. 

Fine adjustment of the generator volt- 
age was made by means of resistance in 
the transformer primary circuit after the 
autotransformer in the same circuit had 
been adjusted to a 1:1 ratio—this being 
the most common method of control used 
in practice. Peak voltages were measured 
with a sphere gap, which naturally inter- 
rupted the operation of the set, but this 
was found to have no influence on the 
continuity of the other measurements pro- 
vided the voltage was thrown on again 
quickly. Average and effective (r.m.s.) 
high tension voltages were measured with 
d.c. and a.c. meters (Ke 


and K,) respec- 
tively in series with a 150 


megohm corona 
shielded resistor R;*-4 average and effective 
tube currents were measured with d.c. 
and a.c. milliammeters (M, and M,) in 
the high tension circuit. A Leeds and Nor- 
thrup potentiometer recorder was shunted 
around a resistance 7; in series with the 150 
megohm resistor as shown. This, for the 
voltage range used, had a sensitivity of 
about 350 volts per division at the 150,000 
volts (average) applied across the tube. 
Use of the recorder simplified the process 
of making observations and also provided 
a very accurate record as to the steadiness 
of the tube operating potential. 


Taylor, L. S. Bur. Standards }. Resear 
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Suitable oscillograph facilities not being 
readily available, voltage and current 
wave form changes were obtained quali 
tatively from other measurements with 
sufficient accuracy for our purposes. 

The tube output was measured in terms 


TI 
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ing deflection of 40 to 50 cm. 
obtainable. 


was always 
lll. EXPERIMENTAL RESULTS 


1. Variation of Roentgen-Ray Output. 
The roentgen-ray output was found to 
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of air ionization with a multi-plate ioniza- 
tion chamber consisting of 11 thin alum- 
inum plates spaced about I cm. apart.” 
In this, one set of alternate plates was 
connected to a 400 volt saturation source 
and the other set to earth through a gal- 
vanometer of such sensitivity that a work- 


® Weatherwax, J. L. Physics of Radiology. P. B. Hoeber, 
New York, 1931, p. 140. 


vary with time at a rate dependent upon 
the method of control, hence several such 
methods were employed. As seen below 
there was for each independent variable, 
more than one dependent variable so that 
it was not possible in any one experiment 


to maintain all but one of the factors 


constant. 
It was found throughout the experi- 
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ments that the two thin-walled tubes be 
haved exactly alike, hence the results ob 
tained with but one, TI, are given. This 
was true also for two thick-walled tubes 
of the same manufacturer, so likewise the 
results obtained with one, T2, are given. 


CONSTANT 
POTENTIAL 


ARM 


DOUBLE 
DISC 


FULL 
WAVE 


These four tubes had similar targets of the 
massive solid tungsten type. 
thick glass tube, 13, was of different make 
having a tungsten disk target about 6 cm. 
in diameter and 1 mm. thick. Although 
this tube was very similar in action to the 
tube T2 separate curves showing its be 
havior are given. 

Figure 2 shows the changes 1n roentgen 
ray output with time obtained by the 


Another 
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more common method of control—namely, 
by holding constant the average tube cur- 
rent and r.m.s. transformer primary volt- 
age. The general procedure was as follows: 
Ten seconds after lighting the filament, 
voltage was applied to the main trans- 


T3 


T2 T3 


former and the autotransformer immedi- 
ately cut out (set to a 1:1 ratio); the re- 
sistance was then cut out at a nearly 
uniform rate such that full voltage was 
applied to the tube thirty seconds after 
starting.* Observations were made at fif- 


The entire tube was at ro temperature before starting. 
We do not recommend t Ss fast i ce ¢ n general 
tice. Those tubes used here had all been carefully tested rela- 

tive to their ability to stand such tre t 
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teen second intervals beginning when pos- 
sible forty-five seconds after starting. 


The curves for the thin tube, T1, show 


little change in output with duration of 


run, on any one of the five generators. 
The observed change of I to 2 per cent, 
while apparently real, is of no significance 
in comparison with that of the others, 
shown by curves [2 and T3. 

Tubes T1, T2, and T3 all show an ex- 
tremely small output change with time 
when operated on constant potential, but 
on rectifiers yielding pulsating voltages, 
tubes T2 and T3 show a marked decrease 
in output with time. The percentage 
change is different here from tube to tube, 
from generator to generator and varies 
with the tube current. The time required 
for the output to reach a steady magnitude 
appears to depend not only on the factors 
just mentioned but also upon the trans- 
former regulation. For example, the tran- 
sition period for curves T2 and T3 ranges 
from two and three-quarters to six min- 
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utes for the three full wave rectifiers oper- 
ating under similar conditions. The great- 
est change in output and the one taking 
place most slowly occurs for the half wave 
generator with tube T3. That such varia 
tions are not attributable to heating of 
the transformers, changes of line voltage, 
etc., was proved by the same results being 
obtained on starting with a cold tube and 
hot transformer. 

The curves of Figure 3 were obtained 
by controlling the average voltage ap 
plied to the tube (instead of primary 
transformer voltage) and the tube cur 
rent. These are closely similar to the curves 
obtained by simply holding the r.m.s. 
primary voltage of the transformer con 
stant. Exception from the curves in lig 
ure 2 1s found, however, for the half wave 
generator where the output increases some 
25 per cent instead of decreasing by a like 
when the transformer 


amount, primary 
voltage is maintained constant. 
2. Effect of Cooling the Tube Weal. 
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In all of the observations thus far men- 
tioned, the roentgen tube was started cold 
and allowed to heat up as a result of the 
power input of the tube without artificial 
cooling. If, with transformer 
primary voltage control, a strong air blast 
be directed on the tube bulb dehind the 
face of the target 4 in Fig. 1) 
the output falls off very slowly with time 

(Fig. 4, A)—requiring some twelve min- 
utes to reach a steady state, as compared 
with about five minutes without cooling. 


howev er, 


blower 


This may be compared with the curve for 


tube T3 operating on the cross-arm rect 
fier. 
Figure 4, B shows that an air blast, such 


as from blower B, directed on the part of 


the tube bulb facing the target has a much 
more pronounced effect. In the full line 
curve the output falls off very slowly up 
to the point a where the blower is turned 
off, following which it falls off in the usual 
manner as compared with the normal 
curve. If, after a few minutes’ operation 
without blower, this is again started—at 
b on the time curve—the output begins at 
once to rise toward the point ¢ where turn- 
ing off the blower leads in another decline. 
This operation was carried out in a variety 


of ways with always the same result. With 
both blowers of Figure 1 operating, the 
output fell off only 2 or 3 per cent in thirty 
minutes. 

It is to be concluded that as long as the 
roentgen tube is maintained sufficiently 
cool the output of the tube will remain con- 
stant with constant input, and that by cool- 
ing the hemisphere of the bulb opposite the 
target face the steadying effect is greater 
than by cooling applied behind the target. 

This result suggested that by changing 
the power input of the tube, the bulb would 
be heated at a different rate and that there 
would be a consequent alteration in rate of 
change of the roentgen output. The ob- 
vious way of testing this was to change the 
tube current. However, because of the fact 
that most roentgen-ray transformers have 
very poor electrical regulation, a change in 
tube current also changes the wave form so 
seriously as to mask any quantitative rela- 
tion between current input at a definite 
potential and roentgen-ray output. At- 
tempts to study this change in heating on 
the two mechanical rectifiers were unsuc- 
cessful. Most of the runs up to this time 
had been made with a tube current of 5 
ma., the average kilovoltage or trans- 
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former primary voltage being adjusted so 
as to put approximately 200 kv. (peak) 
on the tube. If then, keeping the average 
voltage constant, the tube current be 
raised only 2 ma., the resultant peak vol- 
tage due to distortion of the wave form 
reaches a dangerously high value. The 
same was true when regulating by trans- 
former primary voltage. Since it is obvi 
ously impossible to control continuously 
the peak voltage on such a generator, other 
methods of control had to be sought. 
Change of wave form with load was not 
as great in the case of the full wave keno- 
tron rectifier as for the mechanical recti- 
fiers although it was still present. The three 
curves in Figure 4, c show the change in 
output with time of tube T3, operated on 
the full wave generator, as the tube cur- 
rent is increased. In this the average kilo- 
voltage was kept constant during the run. 
A change of current from 4 to 5 ma. 
changed the drop in output from 3 to 11 
per cent. The corresponding peak voltage 
increased from 192 to 196 kv. Changing the 
tube current to 6 ma., the peak voltage 
exceeded 200 kv. so that the average 
voltage was dropped from 157.5 to 150 kv. 
(average). The drop in output nevertheless 
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increased to 18 per cent, though the lower 
operating voltage may have masked the 
true change in this case. 

3. Voltage and Current Variations. Peak 
voltages given with the curves were in all 
cases measured at the end of the run, after 
the tube had reached its steady state. It 
was noted, however, that if the average 
tube voltage or transformer primary volt- 
age was maintained constant through a 
run, the peak voltage of some generators 
increased from a low initial value to a much 
higher final value as the tube changed in 
output. Figure 5 gives a group of average 
voltage recorder traces from which it is 
found that the average voltage tended to 
increase along with change in tube output 
when the transformer primary voltage was 
held constant. These curves also indicate 
the degree of steadiness of the tube opera- 
tion in these studies. 

Curves 4, Figure 6, show the variation 
with time of peak voltage and tube output 
in the case of tube T3 on the half wave 
generator operating at 84 kv. (average). 
The output increased 17 per cent in about 
ten minutes, while the peak voltage in 
creased from 133 to 173 kv., or 30 per cent. 
Along with this it is found that to maintain 
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the average tube voltage constant the 
transformer primary voltage was increased 
some 12 per cent. 

On the other hand, as shown in Figure 6, 
p, if the transformer primary voltage is 
maintained constant, the tube output de- 
creases about 22 per cent, the kilovolts 
peak increase 26 per cent, the effective 
tube current decreases 28 per cent and the 
average kilovolts decrease 19 per cent. 

In the case of the full wave kenotron 
generator, ligure 6, c, in which the average 
tube current and average voltage were 
maintained constant, the peak voltage, 
effective voltage and primary voltage also 
remained practically constant, while the 
tube output fell off with time about 11 
per cent and the effective tube current also 
fell off about 11 per cent. In both cases 
above (I*ig. 6, B and c), the filament light 
ing current fell off 3 to 4 per cent. 

Figure 6, D, shows another series of vari 
ations which are found with the double 
disk mechanical rectifier. As the tube out 
put decreases with time 22 per cent, the 
effective tube current decreases 22 per cent, 
and the peak voltage increases about 6 
per cent. The transformer primary voltage 
decreases only very slightly during this 
time and the kilovolts effective remain con 
stant. 

The 


relative variation of 


Sev eral 


the 
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factors just shown, depends largely upon 
the electrical regulation of the trans- 
formers and probably changes from gener- 
ator to generator. In the case of a power 
transformer having excellent regulation, 
the voltage variations will undoubtedly 
disappear. 


IV. DISCUSSION 


As already pointed out, we were pri- 
marily interested in this variation in tube 
output because of its bearing on dosage 
measurements and because of the 
possibility that means might be found for 
its elimination. Accordingly, we will not 
go into a detailed discussion of the various 
observed effects since their full explanation 
becomes too involved. 

Referring to Figure 4, p, it is found that 
to maintain both the average tube current 
and average tube voltage constant during 
a run, the filament lighting current must 
be reduced about 4 per cent, as contrasted 
with a negligible change when the tube is 
operated on constant potential. This im- 
plies that at a given instantaneous voltage 
near the crest the corresponding value of 
the tube current is higher with a cold tube 
with hot filament than with a hot tube with 
cold filament. But since the average tube 
current over a cycle is the same through- 
out the run, it follows that the current 
wave form for a cold tube must be rela- 
tively high and peaked as compared with 
a low and broad wave form for a hot tube. 

Since the ordinary roentgen-ray trans- 
former has very poor electrical regulation, 
the instantaneous current drawn by the 
roentgen tube produces a strong reaction 
on the voltage wave form. Consequently, 
as the cold tube has a relatively high cur- 
rent wave forashort time, the transformer 
voltage is kept from reaching its normal 
peak value. As the tube warms up and the 
current wave no longer reaches such high 
instantaneous values, but broadens out so 
as to maintain the same average tube cur- 
rent, then the reaction on the transformer 
is lessened and the peak voltage rises as 
noted. 


also 
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532 
Figure 4, £ shows that the existence of a 
high narrow tube current wave with a cold 
tube is likewise borne out by the fact that 
when maintaining the r.m.s. tube current 
and r.m.s. tube voltage constant during a 
run, the average tube current increases 
continuously during the time that the tube 
is warming up. Similarly Figures 6, B, c 
and p show that when the average tube 
current and voltage are maintained con- 
stant, the effective tube current decreases. 

To find a cause for the change in tube 
current wave form we can assume that 
within the first half minute or less after 
applying voltage to the tube, the walls are 
charged by the scattered electrons to their 
maximum potential. It has been shown 
that if the walls of a roentgen tube be 
allowed to charge freely, they will reach a 
potential very nearly that of the cathode. 
Under such a condition, the presence of 
this high potential sheath will exert such 
a strong blocking action between cathode 
and anode as to require much higher tube 
potentials to yield a given tube current. 
Thus in applying a pulsating voltage to the 
tube very little tube current will pass until 
the voltage rises above the point where the 
space charge in the tube can be overcome. 
This action will produce a peaked current 
wave with the consequent effect on the 
voltage wave form indicated above. 

As the tube warms up, the increased 
glass conductivity dissipates the charge on 
the inner walls, and the high space charge 
is gradually reduced to a minimum, where- 
upon a steady state of operation will be 
attained. For a given tube and generator, 
the temperature of the glass appears to 
be the chief controlling factor as suggested 
by the curves in Figure 4, B. In obtaining 
these curves measurements of peak voltage 
made simultaneously with the output 
measurements showed that for any given 
value of the output the peak voltage was 
the same. 

When operating with a “constant po- 
tential” applied to the tube the same wall 


6 Terrill, H. M., and Ulrey, C. T. X-Ray Technology. D. 
Van Nostrand, New York, 1930. 
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charge probably accumulates; but in that 
case the operating tube potential remains 
throughout the cycle above the point 
necessary to overcome the large space 
charge and hence supplies a constant and 
normal tube current. Also since the tube 
is operating above this point there is no 
change in output as the tube warms with 
consequent dissipation of the wall charge. 
Likewise, since “constant potential’ has 
little or no ripple there is no cyclic change 
in the reaction on the generator. 

The absence of the effect in the case of 
the thin soft glass tubes is probably due to 
the much lower electrical conductivity at 
the operating temperature of soft glass as 
compared with pyrex. 

The presence of a high wall charge on a 
cold tube and low wall charge on a hot tube 
is demonstrated by the change in the size 
of the focal spot under these conditions. 
Pinhole photographs of the focal spot taken 
during the second two and during the last 
two minutes of tube operation are shown 
in Figure 7, a and B respectively. It is 
seen that there is a definite enlargement of 
the focal ring when the tube is warmed. 
This is typical for all generators as may be 
expected. 

In all of the output curves shown thus 
far the factors controlled were average 
tube current, average tube voltage or 
r.m.s. primary voltage. As pointed out 
above, while these quantities were alter- 
nately maintained constant, the effective 
tube current and voltage and the peak 
voltage changed. However, as shown by 
Figure 4, E, it was found for the half and 
full wave kenotron generators that if the 
effective tube current and effective voltage 
were held constant that no very great 
change occurred in the tube output as the 
tube warmed. Plotted above these 
curves showing the rise in average tube cur 
rent occurring during the normal transi- 
tion period. 

In the case of one mechanical rectifier 
the output did not remain constant, but 
increased with time as contrasted with a 


are 
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decrease obtained by using the other meth- 
ods of control. 

To compare the outputs of the pulsating 
voltage generators with the output on con- 
stant potential, the same tube was oper- 
ated on constant potential at the same 
effective tube current and voltage as for 
the half and full wave generators in Figure 
4, E. The black dots (c.p.) represent the 
constant potential output under these 
same conditions of tube current and vol 
tage, from which it is seen that the outputs 
are very nearly the same. This is in ac- 
cordance with the results of an earlier in- 
vestigation’:* where it was found that the 
outputs of all generators used in conjunc- 
tion with thin-walled therapy tubes were 
approximately alike for a given effective 
tube current and voltage. This cannot be 
generalized for all generators since, as 
pointed out above, similar control of the 
double disk rectifier did not keep a con- 
stant roentgen-ray output. 

V. EFFECT ON “DOSAGE” MEASUREMENTS 

The bearing of this tube effect upon 
dosage measurements is fairly obvious and 
need not be dealt with at length. Since 
the voltage is usually varying during the 
transition period, it is clear that the roent- 
gen-ray quality must also be changing. This 
can be remedied only by constant adjust- 
ment to keep the voltage constant. Peak 
voltage cannot be kept constant by any 
simple means since the frequent operation 
of a sphere gap interferes with the normal 
operation of the equipment. However, as 
shown by Figure 4, £, control of effective 


7 Taylor, L. S., and Tucker, K. L. Bur. Standards F. Re- 


search, 1932, 9, 333 (RP 475). 
8 Taylor, L. 
Standards }. Research, 1932, 9, 561 (RP 491). 
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tube current and voltage with some 
generators appears to eliminate the. tube 
effect while with others it reduces the effect 
somewhat. 

Control of output can be effected only by 
means of a continuously indicating ioniza- 
tion chamber of some type, which, how- 
ever, need not read in roentgens. Instru- 
ments of the general type used in this 
paper are readily available and are in 
somewhat general use. 

Where the roentgen-ray output of a ma- 
chine is calibrated by means of a dosage 
meter, measurements made during the 
first few minutes of tube operation may be 
very misleading. Depending upon the 
generator, these calibrations may be too 
high or too low, thus resulting in under- or 
over-treatment respectively. 

[t should be recalled that adequate cool- 
ing* of the tube eliminates the change in 
output effect. This means that a tube hav- 
ing a normally falling output, if properly 
cooled, may be operated at a higher out- 
put than otherwise possible. On the other 
hand, with a tube having a normally in- 
creasing output it is-better to permit the 
tube to warm up, thereby yielding a greater 
output at a given voltage. 

In practice, the operating characteristics 
of the tube should be carefully determined 
and the “‘dosage’”” measurement procedure 
governed accordingly. The effect is of 
course absent in water-cooled tubes. 

This investigation has been made possible through 
the cordial cooperation of the American roentgen- 
ray equipment manufacturers. We wish to express 
our indebtedness to Mr. George Singer of this labora- 


tory for his assistance in carrying out many of the 
observations, 
* The customary cooling by blowing air in one end or top of 


the tube container is inadequate for the elimination of this effect. 
Che air must be applied directly to the tube walls. 
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THE DISTRIBUTION OF ROENTGEN RAYS 
WITHIN THE HUMAN BODY* 


By EDITH H. QUIMBY, M.A., MURRAY M. COPELAND, M.D., and ROBERT C. WOODS 


Department of Biophysics, Memorial Hospital 


NEW YORK CITY 


T WAS recognized early in the develop- 

ment of the science of radiology that 
the effect produced at a given point within 
the tissues depended, for one thing, upon 
the amount of radiation which actually 
arrived there. The problem of determining 
this quantity has been one of the most 
important in the progress of radiation 
therapy. Since it is, in general, impossible 
to introduce instruments directly into the 
body for the purpose of making such 
measurements, the device was hit upon of 
using something of a similar volume and 
density as a substitute, a so-called ‘“phan- 
tom.” Krénig and Friederich,* in 1918, and 
Dessauer and Vierheller,? in 1921, made 
extensive series of measurements using a 
tank of water as a phantom. The former 
used a small ionization chamber made of 
horn, the latter a photographic method. 
Since then, many workers have repeated 
and elaborated on these experiments. In 
addition to water, paraffin, beeswax, wood, 
grain, and other substances, have been 
used in the construction of phantoms. 

There has, however, been a rather wide- 
spread feeling that measurements made in 
a phantom may not represent accurately 
the distribution of radiation in the human 
body, even when due allowances have been 
made for the differences in volume of the 
irradiated material. There are differences 
in the absorption of radiations by different 
tissues; there are air spaces in some parts 
of the body, whose size and location are 
difficult to ascertain, and which differ from 
one patient to another, and even from 
time to time in the same patient. It is 
evident, therefore, that, before water 
phantom measurements can be used with 
assurance, they must be compared with 
measurements actually made within the 


* Read before the American Congress of Radiology, Chicago, Ill., Sept. 25-28 


human body. It has often been pointed 
out that this is desirable, but it 1s not a 
simple problem. 

Early work was directed toward obtain- 
ing a comparison between the absorption of 
radiation by various tissues and various 
phantom materials. Failla,’ in 1921, studied 
the absorption of gamma rays by various 
tissues, fresh and preserved in formalin, 
as compared to that of pure gum rubber. 
He found that, except for lung and solid 
bone, the absorption of tissue differed little 
from that of rubber. Muscle absorbed 
about 4 per cent more per centimeter than 
rubber. Tissue preserved in formalin ab 
sorbed a few per cent more than when in 
the fresh state. Between human tissues 
and the corresponding ones from beef, there 
was no measurable difference. Hitherto 
unpublished observations made in the same 
laboratory at the same time, with roentgen 
rays at 140 kv. peak, showed that over a 
range of thickness of several centimeters, 
beef muscle absorbed a few per cent more 
than rubber. 

Schlayer and Nick“ compared the ab- 
sorption of roentgen rays (quality not 
specified) in various human tissues with 
that in “‘pertinax,’” whose absorption is 
equivalent to that of water. With the 
exceptions of fat and lung, which were con 
siderably lower, the tissues possessed about 
the same specific absorption coefficients, 
averaging 6 per cent higher than that of 
the wax. 

Various attempts have been made to 
make conditions in a phantom approach 
those in the body. Some workers!’ have 
studied the effect of air spaces in phantoms. 
Others have introduced various human 
organs into their water tanks. Results ob 
tained by these devices have been sugges 
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tive, but not of immediate practical ap- 
plication. Obvy iously the readings obtained 
in these cases will differ more or less from 
those obtained in a homogeneous medium. 
But these variations may be not at all the 
same as those which actually exist in the 
body. 

Quimby and McNattin,” in a study of the 
change in quality of roentgen rays in their 
passage through a medium, constructed a 
phantom entirely of muscle tissue (horse), 
and compared results with those obtained 
in a parafin phantom. Variations between 
measurements made on the surtace and at a 
depth of 10 cm. in the two were within the 
experimental error. 

All such studies are, however, make 
shifts. In order to obtain the most satis- 
factory information, it is necessary to make 
measurements within the human body it 
self. The earliest studies of this sort were 
made by Borell' in 1923. He used bodies 
immediately after death. By means of an 
abdominal incision he placed a _ photo 
graphic film on the surface of the uterus. 
He also placed one on the abdomen, and 
one under the body. He made only one set 
of exposures for each set of experimental 
conditions, using 180 and 220 kv.; 0.5 
and 1.3 mm. copper filter with 1.c 
aluminum; 100 and 150 sq. cm. fields; a 
target-skin distance of 30 cm. The films 
were compared with those exposed in a 
water phantom under the same sets of con- 
ditions. There were considerable variations 
between the two sets; in some cases the 
water gave higher values and in others 
lower than the cadaver. Borell, however, 
concludes that the errors are not very sig 
nificant, and that water phantom measure 
ments will give acceptable values for 
therapy. 

Maier,? in 


mm. 


1926, made a_ systematic 
study with a female cadaver prepared with 
formalin and carbolic injections. He used 
a small aluminum ionization chamber and 
a Wulff electroscope. No dissections were 
made before making the measurements, 
but, with a special instrument, holes were 
bored transversely through the cadaver at 
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the desired levels, of a size just to accom- 
modate the chamber. Readings were made 
at depths of 5, 19, 15, 17.5, and 19.5 cm., 
the last being under the body on the table, 
both in the axis of the beam and at several 
positions outside it. In this way the actual 
distribution of radiation could be mapped 
in certain regions. With roentgen rays gen- 
erated at 200 kv., and a filter of 1.0 mm. of 
copper, he irradiated fields over the ab- 
domen and thorax. The former were 16 X16 
cm. with a target-skin distance of 30 cm., 
and 22 X22 cm. with a target-skin distance 
of so cm. The latter was 18 X21 cm. witha 
target-skin distance of 50 cm. The depth 
dose charts obtained are, naturally, not 
as smooth as those given by water phantom 
measurements, but the irregularities in 
themselves are not important. The author 
made no water phantom measurements. He 
compared his values with those obtained 
by Friedrich and Ko6rner,® and found his 
own considerably higher. The comparison 
is hardly justified, for the two sets of ex- 
periments were made with somewhat differ- 
ent voltages and fields, and with different 
ionization chambers. Making allowances 
for all these factors, however, the cadaver 
results are still high, particularly in the 
thorax. However, the author concludes 
that water phantom measurements should, 
in general, be satisfactory. 

It seemed to us that a more compre- 
hensive study should be made, together 
with a direct comparison of cadaver and 
water phantom measurements made with 
the same instruments and under condi- 
tions as nearly alike as possible. Also it 
was planned, if possible, actually to make 
certain measurements on living individuals. 
Accordingly the experiments herein de- 
scribed were carried out. 

The measurements on the cadaver were 
made with the small celluloid ionization 
chamber and the vacuum tube instrument 
of Failla.4 For most of the study, roentgen 
rays at 200 kv., with a filter of 0.5 mm. of 
copper and 2.5 mm. of aluminum were 
used, with a target-skin distance of 50 cm., 
and a wide range of fields. Some measure- 


ments were also made with 700 kv. roent- 
gen rays and with gamma rays (4 gram 
radium pack). 

With the exception of the isodose charts 
used in some special problems, water 
phantom measurements quoted in this 
paper were made with the same instru- 
ments and radiation sources, used under 
conditions as nearly identical with those 
for the cadaver measurements as possible. 
Many of these data have already been 
published.’ The isodose charts had been 
made some time previously, using a small 
“thimble” chamber of bakelite. Since 
values obtained in the present work agreed 
with values along the axis of the beam in 
these charts, it was assumed that they 
would be in satisfactory agreement through- 
out. 

The cadaver used was that of a male, 
§ ft. 10 in. tall, weighing about 170 pounds, 
which had been fixed in phenol and glyc- 
erin. No metallic substance had been used 
in the preserving fluid, so that there was no 
secondary radiation of very different type 
from that given off by the tissues them- 
selves. The soft tissues were somewhat 
shrunken by the action of the phenol, but 
were in satisfactory condition. As the 
experiments extended over a considerable 
period of time, the body was kept in a 
refrigerator, and a mixture of phenol and 
formalin poured over the wrappings from 
time to time to counteract a tendency to 
dry out. 

For purposes of calibration, a series otf 
readings was made each day with the 
ionization chamber in air. Thus any varia- 
tions in the instruments could be detected, 
and all data reduced to a common basis. 

Before any dissection was made, surface 
readings were taken on various regions of 
the body, with a range of diaphragms in 
every case considerably greater than would 
be used in therapy. Depth doses were then 
measured in several portions of the body. 
kor measurements in the chest, abdomen, 
and pelvis, the chamber was introduced 
through openings made in the sides, ribs 
being cut where necessary. With the aid 
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of a midline incision, the exact position ot 
the chamber relative to various organs 
could be determined. The exact depth from 
the surface of the body to the surface of 
the chamber was determined by introduc 
ing a long stylet through the tissues from 
the desired point on the skin until its tip 
was actually in contact with the top of the 
chamber (as determined by the exploring 
and guiding finger through the midline 
incision). A marker was then put on the 
stylet at its point of emergence from the 
skin, it was withdrawn, and the length 
which had been inserted was measured. The 
distance from the skin to the center of 
the chamber was 1 cm. greater than this 
length. 

In every position, readings were made 
for a wide range of fields, in every case 
with the chamber on the axis of the beam, 
and in some cases also at various distances 
from the axis. Also, in the pelvic series, 
with the chamber at different depths in 
the midline, measurements were made 
with a series of slightly oblique beams, 
such as are ordinarily used in pelvic roent 
gen-ray cycles. Observations were made 
with the beam incident on both the an 
terior and posterior surfaces of the body. 
Kor measurments in the intraoral cavity, 
the ionization chamber was introduced 
through the mouth. For the axillary deter 
minations, a dissection was done so that 
the chamber could be inserted half way 
between the anterior axillary fold and the 
lower border of the clavicle, beneath the 
two pectoralis muscles. For the arm and 
leg measurements, the limbs were ampu 
tated, and the tissues dissected away from 
the bone so that the chamber could be 
introduced above or below it. In the case 
of the leg, the femur was divided so that 
the chamber could be inserted directly 
into the marrow cavity. 

The measurements with 200 kv. roent 
gen rays were made with comparative ease. 
In the use of the other two types of radia 
tion, experimental difficulties were en 
countered. In the case of the radium pack, 
the intensity of radiation at a depth of a 


Vor. XXXII, No. 4 
few centimeters was so low as to be near 
the limit of observation, for the measuring 
instrument available. However, the read 
ings were duplicated with only small varia- 
tions, and may be accepted as reasonably 
accurate. With the 700 kv. roentgen-ray 
set-up the difficulties were of another sort. 
Here the beam of rays is horizontal. In 
order to irradiate the same regions which 
had been used with 200 kv., it was neces 
sary to prop the cadaver on its side. In 
position for irradiation it was difficult or 
impossible to ascertain the exact position 
of the chamber. Therefore it had to be put 
into place, the depth measured, and an 
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cadaver and comparisons with correspond- 
ing readings made in the water phantom 
are presented in the following tables and 
charts. For most of these data, the experi- 
mental readings have been plotted, smooth 
curves drawn through the points, and the 
tabulated values read therefrom. In some 
of the special problems, however, the actual 
values are 

Table 1 gives the back-scattering (ratio 
of readings on the surface of the body to 
those in air under the same conditions) 
for various areas on several parts of the 
body, for 200 kv. roentgen rays. It is 
seen that the values for the cadaver are 


giv en. 


TABLE | 


RATIO OF READING ON SURFACE 


200 kv. 


OF CADAVER TO READING IN 


AIR FOR SAME FIELD | BACK-SCATTERING) 


cm. Target-Skin Distance >.§ mm. Cu plus 2.5 mm. Al Filter 
Irradiated Chest Abd Pelvis Thiel 
\domen umbar ugh 
Field Ant. or come \nt. or 2% Forearm Jaw Water 
Ant. Spine Mid-Ant. 
sq. cm. Post. ost. 
25 114 115 116 116 115 114 10g 124 
SC 117 12 121 121 12 11d 112 129 
10¢ 121 126 128 128 125 118 135 
20¢ 125 131 134 133 142 
4¢ 128 3 139 135 146 


effort made to keep it from shifting during 
the moving of the body into position for 
irradiation. Checks on the position after 
irradiation were made, and it is believed 
that no gross errors have been allowed to 
enter into the data. The manipulations 
were such that the tendency would be for 
the chamber depth in some cases to be less 
than was supposed, making the depth doses 
in these cases appear somewhat higher 
than the true values. 

Accordingly, while the results obtained 
with 200 kv. roentgen rays are extensive 
and are believed to be quite accurate, those 
for 700 kv. and for gamma rays are neither 
so complete nor so accurate as might be 
desired. They do, however, offer a reason- 
able approximation to the situation, and 
for this reason they are included in this 
report. 


The results of measurements on 


the 


in all cases lower than for water. The great- 
est discrepancies occur in the chest and 
jaw. This is to be expected, particularly in 
the case of the chest, since, even in the 
cadaver, the lungs contain considerable air. 
In the jaw, the factors are more complex. 
In addition to air cavities, there is bone 
immediately under the skin, and it was 
found that back-scattering directly over 
bone was always a few per cent (2-4) lower 
than over soft tissues. Also, due to the 
shape of the head, except for very small 
fields, the surface is not all in the same 
plane, and the volume of scattering tissue 
is less. 

kor the more penetrating types of radia- 
tion, satisfactory data on back-scattering 
are not available at present. 

In Table 
surface 


are given the variations in 
intensity with variations in field 
(which may also be interpreted as varia- 
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TaBLe II 


VARIATION IN SURFACE INTENSITY ON CADAVER WITH VARIATION IN FIELD 


200 kv. 50 cm. Target-Skin Distance 
Field sq. cm. Chest Abdomen Pelvis 
25 88 838 89 
SO 94 93 94 
100 100 100 100 
200 105 106 107 
400 111 112 113 


tion in skin dose with size of irradiated 
area, for a given tube output) for 200 kv. 
roentgen rays. This information was not 
obtained for the other types of radiation. 
It is seen that, in every case, the agree- 
ment between cadaver and water values is 
very close. 

Table ur gives the percentage depth 
doses, in several regions, for various ir- 
radiated areas with 200 kv. roentgen rays, 
and for single areas with the other types of 
radiation. The surface dose is considered 
as 100 per cent for every area and every 
locality, so that every depth dose is given 
as percentage of the radiation falling on 
the surface for that particular field. For the 
surface dose in water, the chamber is half 
submerged. For the surface doses on the 
cadaver, it rested on the surface, slightly 
pressed into the tissue, the distance to the 
center of the chamber being the target-skin 
distance. Some preliminary tests were 
made to see what differences occurred 
when the chamber rested on the skin and 
when it was half buried, by means of a 
small incision. As long as the distance from 
the source to the center of the chamber 
was the same, there were no significant 
differences in the surface readings under 
the two conditions. 

It should be noted here that in previous 
communications from this laboratory, in 
which 700 kv. roentgen rays are compared 
with other types of radiation, the surface 
doses were all taken with the ionization 
chamber completely submerged. Conse- 
quently, as the chamber is 2 cm. in diam- 
eter, its center was 1 cm. below the sur- 


o.§ mm. Cu plus 2.5 mm. Al Filter 
Thigh Forearm Jaw Water 
O7 88 8g 
93 93 94 
100 (100) 100 I 
106 I 


face for the so-called surface reading. Since 
in the experiments with the cadaver it was 
more satisfactory to have the chamber 
resting on the skin for the surface readings, 
surface values for the water phantom have 
been shifted to the half submerged position. 
For 200 kv. roentgen rays and for gamma 
rays, surface doses in water were actually) 
measured in this way. For 700 kv., this was 
not possible, since, as has been stated, the 
beam is fixed in a horizontal position. Ac- 
cordingly, it was assumed that the reading 
with the chamber half submerged would be 
the same as with it completely submerged, 
if the target-skin distances were the same, 
for the fields used. This is not an unreason- 
able assumption, since it was found to be 
true for both 200 kv. roentgen rays and 
gamma rays (not more than 2 per cent vari 
ation). Since in the papers referred to, 
distances from the surface were actually 
measured from a point 1 cm. below it, and 
in the present report were measured from 
the surface, percentage doses for a given 
depth in the two cases will not agree, but 
doses in this paper will agree with those for 
a depth 1 cm. less in the former work. The 
possibilities of discrepancies due to the 
zero position of the chamber should be 
borne in mind when comparing values ob 
tained by different experimenters. 

To return to Table 11, it is seen that the 
chest and intraoral region start near the 
surface with values somewhat less than 
those for water. At depths of 4-7 cm., de- 
pending on the irradiated area, the doses 
in the body become equal to, and then 
greater than those in the water phantom, 
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BLE II] 
PERCENTAGE DEPTH DOSES, IN VARIOUS RE‘ OF THE CADAVER, FOR VARIO ADIATED AREAS 
200 kv. so cm. Target-Skin Distance .§ mm. Cu plus 2.5 mm. Al Filter 
Field Chest Pyloric End) Mid-P S 
‘1e ioral 
= Ant. or of Stomach Ant high \rm Water 
sq cm. Post. Ant. 
Surface 
Surface value for all fields in all regions taken as 100 per cent. 
Ionization chamber half submerged for surface readings. 
2em. Depth 
25 3 4 86 60 5 
I 8g )2 )2 g2 
2 ) )4 
+ ) Q4 
4.cm. Depth 
6g 68 67> 
2 I AR I 
5 ) 6 2 77 
2 78 82 81 
4 ~ at 84 
6 cm. Depth 
25 $4 $3 13 46 45 
I 63 64 ( 5 ¢ $9 
2 hh hs 64 
cm. Depth 
25 4 29 34 34 
5 49 46 4 32 $1 4 
1c §2 | 414 
2 ch 49 
4C 58 53 
10 cm. Depth 
25 {6 2¢ 1g 25 
5 4 36 22 29 
I 44 4 ( 2 34 
45 44 } 30 
40 51 4 42 4! 
12 cm. Depth 
25 3 22 2 g 
IC 37 2 265 
2c 41 23 
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Underneath Body, on Table 


17 cm. 15 cm. cm. 12cm. 4cm. 11cm. 
Thick Thick Thick Thick Thick Thick 
25 15 14 14 I 
§ 16 15 14 16 1S 
I 16 15 1d 
2¢ 2c 17 16 
4 21 13 17 
7oo kv. 62 cm. Target -Skin Distance. 5 mm. Cu Filter (Equivalent 
Depth Chest Pelvis Intraoral Water 
cm. 160 sq. cm. 160 sq. cm. SO sq. cm. 160 sq. cm. SO sq 
2 56 g2 G4 
4 73 // 2 
62 6< 63 f 
S4 Sl 43 5 4 
I 7 39 4 
12 35 33 
Gamma Rays 
Chest Pelvis Intraoral Region Water 
Depth 
cm. 6 cm. 6 cm. 6 cm. IO cm. 6 cm. n 
Dist. Dist. Dist. Dist. Dist. Dist 
2 <6 62 2 71 62 
4 30 42 42 49 42 
6 28 3 36 
8 22 22 28 22 2 
I 16 16 


until at depths of 10 cm. or more the difter- 
ence is considerable. On the other hand, in 
the abdominal and pelvic regions, the 
values near the surface are slightly higher 
than for water; after a few centimeters the 
two approach each other, and continue 
fairly close together, although with the 
values for the body always somewhat 
higher than for the phantom. In the leg, 
the doses are about the same as in water 
until the bone has been traversed, when 
they drop considerably. In Figure 1 a 
graphic comparison is given between chest, 
pelvis, thigh, and water values, for a field 
of 100 sq. cm. It should be mentioned that 
in both chest and pelvis, intensities meas- 


ured with the beam incident on the an 
terior and posterior surfaces of the body 
were the same for a given depth, within the 
experimental error. 

For 700 kv. roentgen rays, as has been 
stated, the experimental error in determin 
ing some of the depth doses in the cadaver 
may be considerable. However, the trend 
here as regards the relation between body 
and water phantom is the same as for 2 
kv. roentgen rays. The values for the chest 
start lower, and end higher than those for 
the phantom. The values for the pelvis are 
higher throughout most of the depth. The 
experimental data for this (pelvic) series 
are rather uncertain, since it was almost 
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Fic. 1. Curves showing depth doses for 2 


impossible to prevent the intestines from 
shifting and changing the position of the 
chamber as the body was rotated into posi 
tion before the tube. Such an error does 
not enter into the intraoral measurements, 
since for these the depths could be meas 
ured in the position for irradiation. 

For gamma rays the pelvic and intraoral 
doses are 1n good agreement with water 
phantom values; those for the chest start 
somewhat lower, but approach the water 
values for greater depths. 

In Table tv are compared the changes in 
depth dose with irradiated area, for chest, 


pelvis, and water, for 2 kv. roentgen 


rays. The numbers represent the ratio of 


the depth dose for any specified field to 
that for a 100 sq. cm. field for the same 
depth. Evidently the values for the surface 
must be the same as those in Table 1. 
The values for depths within the cadaver 
are lower than those in water; the greatest 
discrepancy, however, is only 10 per cent. 
The data presented thus far pertain only 
to dosage in the center of the beam of radi- 
ation. From the tables, the conclusion is 


KV. 


yentgen rays in various regions of the cadaver. 


warranted that for 200 kv. roentgen rays? 
depth doses as determined in a water phan- 
tom may be used for all fields and depths 
in any portion of the body except the chest 
cavity and intraoral region without in- 
troducing errors of more than a few per 
cent. In these localities, for depths greater 
than a few centimeters, a correction should 
be applied, which will vary with the depth 
and the field. In Figure 2 are given curves 
by means of which such a correction can be 
made. For example, for a field of 200 sq. 
cm. and a depth of 10 cm., the depth dose 
obtained from water phantom measure- 
ments should be increased by 23 per cent. 

or the more penetrating types of radia- 
tion, the data are neither ample nor ac- 
curate enough to permit making detailed 
comparisons. It is evident, however, that 
no serious errors will be introduced in any 
case by using water phantom measurements. 

A great deal of work has been done in 
various institutions on the construction of 
so-called “‘isodose charts,” giving the com- 
plete distribution of radiation within a 
cross section of the beam. Those obtained 
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by different workers are in fairly good 
agreement, when experimental conditions 
and methods are approximately the same. 


TaBie IV 
VARIATION IN DEPTH DOSE IN CADAVER WITH 
VARIATION IN IRRADIATED AREA 


Region Square Centimeters in Field 
25 5 I 2 4 
Surface 

Chest 88 94 10¢ 105 111 

Pelvis 8g 94 I 106 113 

Water 87 93 100 107 113 
2 cm. Depth 

Chest 83 g2 10 108 116 

Pelvis 83 92 100 10g 116 

Water 82 gl 100 108 11S 
4 cm. Depth 

Chest 80 89 100 111 12 

Pelvis 79 88 ie 112 [21 

Water 76 87 100 113 122 
6 cm. Depth 

Chest 75 88 100 112 122 

Pelvis 73 85 LO 114 126 

Water 7 84 100 116 128 
8 cm. Depth 

Chest 73 87 100 113 125 

Pelvis 68 83 100 114 128 

Water 66 82 11g 133 
10 cm. Depth 

Chest 71 85 100 116 129 

Pelvis 66 81 10 118 132 

Water | 64 | 80 100 12 139 
12 cm. Depth 

Chest 69 85 100 116 132 

Pelvis 64 79 100 12 135 

Water 62 9 100 122 146 


Such charts are extensively used for cal- 
culating the depth doses within the body, 
especially when cross-firing is used. It was 
not practicable to make determinations for 
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the complete mapping of the beam in the 
cadaver, but it is important to test the 
value of the charts in determining doses 
off the axis of the beam. (For points on the 
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lic. 2. Correction curves for obtaining depth doses 
in chest of cadaver from depth doses in water 
phantom. 


axis of the beam, they can be checked by 
the depth dose values already given.) Ac 
cordingly certain particular problems of 
this type were investigated. 

While measuring depth doses in the 
pelvis, readings were taken for all fields 
with the beam centered over the chamber, 
and also with the beam centered over a 
point 4.5 cm. to one side of the chamber, 
for several depths. With a field of 125 sq. 
cm. this gives the depth doses for a point 
close to the edge of the beam, with one of 
500 sq. cm. for points well within the beam, 
but several centimeters from the axis. In 
Figure 3 are plotted the depth doses thus 
obtained (actual experimental values for 
the two fields specified), and those taken 
from isodose curves made with a water 
phantom. (The type of experimental varia- 
tion encountered may be judged from these 
curves.) For the large field, where measure- 
ments are made half way to the side, the 
agreement is good, the cadaver values be 
coming slightly higher for greater depths, 
as would be expected from the depth dose 
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Kic. 3. Depth doses in cadaver pelvis and w 
phantom, for points 4.5 cm. from axis of b 
for 200 kv. roentgen rays. Upper curves, ‘ 
cm. field, lower curves, 125 sq. cm. field. 


data already given. For the smaller field, 
where the measurements are made almost 
at the side of the beam, the agreement is 
not so good, although even here the dis 
crepancy does not exceed 10 per cent. In a 


Kic. 4. Depth doses measur 
set-up with 200 kv. roentgen rays. 


charts are given for comparison. 
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region such as this, where the intensity is 
changing rapidly, it is difficult to obtain 
accurate values with an ionization chamber 
of the size of those used for such experl- 
ments. At the edge of the beam, a drop of 
many per cent may occur within a few 
millimeters. Obviously a shift of a milli- 
meter or two in the position of the chamber 
may produce a considerable difference in the 
reading. With the chamber out of sight 
beneath the tissues it would not be strange 
if its center were 2 or 3 mm. to one side of 
its supposed position. This would account 
for considerable variations in readings. 
\lso, as has been already stated, the isodose 
curves were made with a different 1oniza- 
tion chamber from the one used for the rest 
of the work. This was cylindrical instead of 
spherical. Whereas the values in the axis 
of the beam were in complete agreement for 
the two chambers, it is quite probable that 
a difference in size and shape would cause 
discrepancies at the edge. It seems, there- 
fore, that for calculation of doses well 
within the limits of the radiation beam, 
standard isodose charts should be satis- 
factory, whereas along the edges, the values 
are always uncertain. This is further em- 
phasized by the next special study. 
During the study of the pelvis, the 
chamber was placed at various depths in 
the midline and irradiated as is frequently 


n pelvis of cadaver for routine therapy 
Values from water phantom isodose 
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done in pelvic therapy, by a beam centered 
about 5 cm. from the midline and directed 
somewhat in toward it. Depth doses thus 
measured were compared with those cal- 
culated in the usual way by means of iso- 
dose charts. In Figure 4 is given such a 
comparison for a field of 125 sq. cm. Actual 
experimental values are given, both for 
the midline and for the axis of the beam. 
Here, again, within the beam the agree- 
ment is good, cadaver values being a few 
per cent high, as usual. But near the edge 
of the geometrical beam, particularly close 


computed. However, it is difficult to see 
how the situation can be improved greatly. 
if accurate physical data were avail. 
able, there is no assurance that the dis 
tribution of radiation within the body 
would be just as planned. A very slight 
shift in the position of the field, or move- 
ment of the patient during treatment, 
might make a large difference in the result. 

One further problem of this type was in- 
vestigated. The best method of irradiating 
the axilla, as regards number, size, and 
distribution of fields being under investiga- 


TABLE V 


DOSES DELIVERED IN THE AXILLA BY DIFFERENT SCHEMES OF IRRADIATION 


No. of Size 

Location 
Fields cm. 
2 | Avilla, ant. 2 


te 
2 


\xilla, post. 


3 Axilla, ant. 


Axilla, post. 12X15 
A\xilla, direct 6X 8 
4 Axilla, ant. 12X12 
Axilla, post. 12X12 
Axilla, direct 6X 8 
Supraclavicular 7 


Lateral, through head IOX § 
of humerus 


to the surface, there are wide variations. 
It is true that this is a single experiment, 
and any one reading may be inerror. It is, 
however, important to consider that in 
calculating doses within the pelvis this 
situation arises. In general, in radiation 
therapy of the pelvis, the roentgen irradia- 
tion is relied upon to care for the para- 
metrium and outlying regions, while ra- 
dium is used in the cervix. For this reason 
the roentgen-ray beam is not directed to- 
ward the cervix, but is either vertical or 
slightly tilted so as to be perpendicular 
to the body surface. In this case the edge 
of the field used lies near the midline of the 
body, and it is along this line that doses 
for bladder, cervix, and rectum are to be 


Depth Dose (per 


De th to - - Total 
cent of surface dose) 
Center 
cm. Cadaver | Water Cadaver Water 
2 
7 58 ss 13 12 
68 67 
55 52 
4 75 7 19d 
66 6¢ 
| 
4 75 7 
5 4 4 
1§ 3 245 2 


tion at the present time, it was decided to 
make some comparisons in this region be 
tween directly measured doses and those 
calculated from isodose charts. The fields 
used and the individual and total percent 
age depth doses delivered under the differ 
ent schemes are given in Table v. When 
only two fields are used, they are as large 
as possible, taking in the entire shoulder 
and upper arm. If a direct axillary field 1s 
to be added, it is necessary to reduce the 
anterior and posterior ones so that the axil 
lary skin will not receive a double irradia 
tion. If a supraclavicular field is to be used, 
the anterior and posterior fields must be 
still further decreased. However, the actual 
fields in any given case will be determined 
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by the size of the patient. The areas here 
given were the largest which could be em 
ployed in an individual of this size. In a 
person of greater anteroposterior thick- 
ness, both the direct axillary and supra 
clavicular fields could be larger, which would 
add appreciably to the total dose. It must 
be remembered that the dose on the skin 
delivered by the direct beam 1s augmented 
by the radiation transmitted through the 
body. For the anterior and posterior fields 
this may be in the neighborhood of 15 


per cent, depending on the thickness of the 
body and the size of the field. Also the fact 
must not be lost sight of that a particular 
skin area may receive scattered radiation, 
even though it be shielded from the direct 
beam. When the anterior and _ posterior 
fields are cut off to “protect” the supra- 
clavicular area, the skin of this region still 
receives an appreciable ‘amount of radia 
tion by scattering. These facts tend to in 
crease the skin dose relative to the depth 
dose (or to decrease the effective depth 
dose). This is xot shown 1n the table, where 
the surface dose considered is only that 
due to the direct beam. Evidently these 
values are not to be taken as a practical 
basis for determining a scheme of therapy 
without modification. They are only pre- 
sented for the purpose of showing the 
applicability of isodose charts in this region. 
The values for water were obtained from 
the same set of isodose charts as were used 
in the pelvis. In all cases except where a 
good deal of bone is traversed, they give 
values a little lower than those of the ex- 
periment. When the head of the humerus is 
interposed, the measured value is definitely 
lower. Since in no case is the point under 
consideration close to the edge of the beam, 
the charts would be expected to give a 
fairly satisfactory result, and such is found 
to be the case. 

The data thus far presented may be 
summed up as showing that surface and 
depth dose measurements in a water phan 
tom and in a human cadaver agree reason- 
ably well. Surface doses are a little higher 
on the water phantom; percentage depth 
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doses are higher in the cadaver, the actual 
differences depending on the portion of the 
body considered. With certain specified 
corrections, it 1s practicable to use water 
phantom measurements calculating 
depth doses in the cadaver. 

Radiation therapy, however, is admin- 
istered to living individuals, and it 1s most 
important to know how closely the cada- 
ver may be considered to approximate the 
living body. This may be tested in two 
ways. If it be granted that life itself 1s not 
a factor, then the absorption of fresh tis- 
sues may be compared with that of pre- 
served ones. This, however, is unsatis- 
factory for several reasons. A much more 
useful method would be to make such 
measurements as are possible on living 
individuals, and compare these results 
with those obtained in the cadaver. Various 
attempts have been made to do this. 

Schlayer and Nick," in the experiments 
already referred to, attempted to measure 
the absorption by the fleshy part of the 
upper arm, in a group of men, and com- 
pare these values with that obtained in 
muscle tissue. Such measurements are, of 
course, quite inaccurate. However they 
found fair agreement in the absorption per 
centimeter among 6 cases, the average be- 
ing 3 per cent higher for the men than for 
the muscle tissue. Schultze, using a Ham- 
mer dosimeter, measured the radiation on 
lateral, anterior, and posterior surfaces of 
the body, and 1n the vagina, and compared 
his results with water phantom measure- 
ments made with the same chamber for 
roentgen rays generated at kv., 
filtered by 0.8 mm. Cu and o.5 mm. Al, 
at 30 cm. distance. He found about 30 
per cent back-scattering for a 1OXI5 cm. 
field, for both the patient and the water 
phantom. This agrees with the results of 
Table 1 for the cadaver, but is somewhat 
low 


170 


for water. His method of comparing 
depth doses was not very direct, and was 
subject to a good deal of error. With a 
given patient, for a specified beam, he 
calculated from the water phantom data 
the dose which should be delivered in the 
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vagina from a certain number of roentgens 
delivered on the skin surface. He then in- 
serted the chamber into the vagina, left 
it there during a specified treatment, and 
observed the actual dose delivered. He 
never used central beams over the anterior 
and posterior areas, but always 10X1I¢S 
cm. fields over the right and left anterior 
and posterior regions, slightly tilted toward 
the midline. For this reason, as was pointed 
out in the discussion of the measurements 
on the cadaver, he was always observing 
doses close to the edge of the beam, where 
it was exceedingly difficult to determine 
the exact relative positions of beam and 
chamber for the isodose charts, and where 
the charts contain possibilities of consider- 
able errors in any case. He found varia- 
tions in values for the same field from day 
to day, and often marked differences in 
corresponding right and left fields. These 
he attributed to differences in filling and 
position of the intestines. This is doubtless 
a factor, but it is also evident that diffi- 
culties in reproducing exact orientations of 
the beam and chamber in such asym- 
metrical relative positions must play an 
important part. He found, in general, that 
his measured doses were 20 to 30 per cent 
lower than the calculated ones. This is in 
complete disagreement with the work on 
the cadaver, where the measured doses 
were always somewhat higher than those 
calculated from water phantom data. 
Gunsett’ controls all his roentgen ir- 
radiations of cervical and uterine lesions 
by means of a Solomon r-meter, whose 
chamber is introduced into the vagina. He 
gives surface and depth doses in roentgens 
for specific cases, but, unfortunately, no 
dimensions of the individuals under con- 
sideration, so that it is impossible to apply 
his data for comparative purposes. 
Sievert’ has developed a method of meas- 
urement whereby the ionization chamber 
can be completely detached from the rest 
of the instrument, exposed to radiation, 
and returned. His chambers are small 
enough to be introduced into body cavities, 
where they can be left during whatever ir- 


radiation may be desired. He has published 
no measurements on roentgen rays, but 
has made a few observations on doses in 
the intraoral cavity with the ‘“‘teleradium”’ 
apparatus, which is similar to the radium 
pack in the work described above. His 
values are in good agreement with water 
phantom measurements. 

Many other authors have mentioned the 
desirability of controlling dosage by means 
of ionization chambers in body cavities, 
and instrument makers stress the fact that 
their chambers may be so used. There 
are, however, many experimental difficul- 
ties in the way of carrying out such meas- 
urements, and apparently very few have 
actually been made. 

The ionization chamber used in the 
experiments with the water phantom and 
the cadaver, just described, was not suit 
able for use with living individuals, since 
it was so constructed that its outer wall 
was charged to a potential of more than 2 
volts, and its mounting was not very sub 
stantial. Therefore, another chamber was 
constructed, also of celluloid, with wall 
thickness and volume about the same as 
the first one, but cylindrical instead of 
spherical in shape. This could be mounted 
solidly, and all exposed portions grounded. 
It could be readily introduced into the 
vagina. With this instrument, a number 
of measurements were made, on 18 pa- 
tients, for 200 kv. roentgen rays. 

The method of procedure was first to 
make a series of readings in air, as was 
done with the cadaver. The chamber was 
then placed on the lower abdomen of the 
individual to be tested, in the midline and 
about 4 cm. above the upper border of the 
symphysis. Readings were taken for a 
series of fields, the ionization chamber be 
ing in the center of the beam. In some cases 
the roentgen tube was then moved later- 
ally, 2 cm. at a time, so that the chamber 
occupied positions successively nearer the 
edge of the beam. Thus the variation of 
intensity over the field could be mapped, 
and compared with that on the surface 
of the water phantom. The ionization 
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chamber was then introduced into the 
vagina and its depth determined as fol 
lows: The cable leading to it was strapped 
to a rigid support for a distance of almost 
a meter from the chamber. When this sup 
port was fixed in the horizontal position 
(as shown by a spirit level), the distance 
from its center to the table was the dis 
tance of the center of the chamber from 
the table. The position of the tip of the 
chamber was known from a scale marked 
on the support. At a point directly over 
the chamber, a scale was laid across the 
abdomen in a horizontal position (also by 
means of a level) and the distance to the 
table measured. The difference between 
the two distances was the depth of the 
chamber below the skin surface. 


TABLE 

RATIO OF READING ON SURFACE OF LOWER ABD«¢ 
MEN OF PATIENTS TO READING IN AIR, FOR 
SAME FIELD (BACK-SCATTERING 

socm. Target-Skin 5 mm. Cu plus 

200 kv. Distance mm. Al Filter 
Irradiated 

Area Patient Cadaver Water 
sq. cm. 

126 121 129 

133 128 135 

225 141 134 143 

4 146 1 140 


With the chamber in this position in the 
vagina, and the beam centered over it, 
measurements were made for the various 
fields that had been used on the surface. 
In certain cases, also, the roentgen tube 
was again displaced laterally in order to 
obtain the distribution of the radiation 
through the field at the depth under con 
sideration. 

In a few cases, measurements were made 
with the beam incident on the posterior 
surface of the body. 

The results of this investigation are given 
in the following tables and figures. 

In Table vi are given the values for 
back-scattering on the living individual, 
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on water, and on the lower abdomen of 
the cadaver. The new values are averages 
obtained from several individuals of differ- 
ent sizes. None of the experimental values 
was more than 4 per cent different from 
the average. It is evident that the values 
for the living individual fall between those 
for the cadaver and the water phantom, 
but are somewhat closer to those for the 
water. (The differences among the three 
are not great.) 

Table vir gives the variations in surface 
intensity with variation in field. The val- 
ues for patients are the averages for 12 
cases, ranging in weight from 100 to 200 
pounds. The extreme variation from the 
average, for the largest field, is 5 per cent. 
These values agree very closely with both 
those for water and for the cadaver. 

Taste VII 


VARIATION IN SURFACE INTENSITY WITH VARIATION 
IN IRRADIATED AREA 


so cm. Target-Skin .§ mm. Cu plus 2.5 


200 kv. 


Distance mm. Al Filter 
Irradiated 
Field Patient Cadaver Water 
sq. Cm. 
g2 G4 
10 I 
2 107 I 107 
4 113 [13 


Since depth doses could be measured 
only at the level of the cervix—depths 
ranging from 8 to 17 cm.—it is not prac- 
ticable to construct a depth dose table 
corresponding to Table 111. The actual per- 
centage depth doses, as measured in the 
individual cases, are shown in Figure 5S. 
The solid curves represent the percentage 
depth doses in the water phantom for the 
100 and the 400 sq. cm. fields. The dotted 
curves represent the values for the pelvis 
of the cadaver, taken from Table 111, col- 
umn 4. The circles are the actual values 
found in patients. Those indicated with 
arrows were measured with the beam in- 
cident on the posterior surface of the body, 
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PERCENTAGE DEPTH DOSES IN 
WATER PHAN TOM AND 
HUMAN PELVIS 

200 KV 


POINTS 
INDIVIDUAL PATIENTS 


PER CENT 


WATER 


DEPTH - CM 


WATER 


400 SO CM 


DEPTH - CM 


Fic. 5. Depth doses in the human pelvis, compared with water phantom values. Solid curves, water phant 
dotted curves, cadaver pelvis; points, individual measurements on patients (ionization chamber in vagina 
The points indicated by arrows were measured with the beam incidence on the posterior surfacs 


body, all others with incidence on the anterior surface. 


the others on the anterior. The values fol- 
low the curves rather closely, being scat- 
tered on both sides of them. It is evident 
that there are no serious differences be- 
tween values obtained in the water phan- 
tom and in the human pelvis. 

The variation in depth dose with irradi- 
ated area can be shown only for individual 
cases. A few of these are given in Table 
vit. It is evident that the agreement with 
water phantom values is, on the average, 
very close. It is in all cases better than the 
agreement of the cadaver values with those 
for either the water or the patient. 

In view of the fact that depth doses in 
the pelves of living individuals agree closely 
with those for the water phantom, and 
that the values for the diaphragm effect 
in patients agree better with the water 
phantom than with the cadaver, the appli- 
cability of the correction curves given 
above for the chest may be called in ques- 
tion. These correction factors depend upon 


of the 
Taste VIII 
VARIATION IN DEPTH DOSE WITH IRRADIATED AREA 
k soem. Target-Skin .§ mm. Cu plus 2 
2 
Distance mm. Al Filt 
Irradiated \rea 
Depth 
cm. I 
cm 
sq. cm. 4 
All cases | Patient | Cadaver Water 
I 114 11 113 
10 136 125 I 
8.5 I 139 129 135 
IC 149 134 [44 
13 IC 142 137 1S 
14 IC 
17 I 164 


two things: the difference in percentage 
depth dose between cadaver and water 
phantom for a given field, and the differ- 
ence in effect of size of field. Obviously 
these cannot be measured in the chests of 
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Fic. 6. Comparison of distribution of radiation 
throughout the beam in the water phantom a: 
the living individual. Solid curves, water phan 
tom; points, individual measurements on patients. 


living persons. Factors which can be tested 
are the relative back-scattering over chest 
and abdomen, and relative transmission 
through the two regions. This was done on 
a patient who did not differ much in size 
from the cadaver. The back-scattering on 
his chest was found to be 110, as compared 
with 113 over the abdomen (400 sq. cm. 
field). This is in agreement with the values 
in Table 1 for the cadaver. The amount of 
radiation transmitted through his chest 
(19 cm.) was about 40 per cent higher than 
that transmitted through his abdomen 
(20 cm.). It is evident, therefore, that a 
correction should be applied to water phan 
tom values to obtain depth doses in the 
chest, and that those of Figure 2 offer the 
most satisfactory approximation available 
at present. 

For values off the axis of the beam, com 
parisons may be made as shown in Figure 
6. The curves represent water phantom 
readings for various distances from the axis 
of the beam, on the surface and at a depth 
of 8.5 cm. The points are experimental 
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values for living individuals. Those on the 
surface are from 3 cases; for the particular 
depth in question only 1 case is available. 
The agreement is quite satisfactory. The 
variations from the surface curve, except 
for one point at 6 cm. to the side, are in- 
significant. For values at the given depth, 
the water values are somewhat higher that 
those for the patient, outside the geomet- 
rical beam. With other individuals and 
other depths, these were sometimes higher 
and sometimes lower. 

Such detailed comparisons for values 
off the axis were made in only a few in- 
dividuals. In general only one off-center 
position was used. With the chamber left 
in place at the cervix, the roentgen tube 
was set as for a pelvic irradiation, a field 
of 10X15 cm. being centered 6 cm. from 
the midline. In this case, at the depth of 
the cervix, the chamber is practically at 
the edge of the beam, which has been 
shown to be an exceedingly unsatisfactory 
position for making measurements. This 
portion of the work will be discussed in 
detail in a forthcoming paper. It is sufficient 
here to state that the values obtained were 
sometimes a few per cent lower and some- 
times a few per cent higher than those 
taken from isodose charts. With careful 
localization of the chamber, no great dis- 
crepancies were found between values ob- 
tained in living individuals and in the 
water phantom. 


SUMMARY AND CONCLUSIONS 


Surface and depth doses delivered in 
various regions of the human body have 
been measured in a cadaver, and compared 
with those obtained in a water phantom, 
for 200 kv. roentgen rays, 700 kv. roentgen 
rays, and gamma rays. For 200 kv. roent- 
gen rays; comparisons were also made with 
surface and depth doses measured in the 
pelves of living individuals. 

For 200 kv. roentgen rays (other qual- 
ities of radiation not tested in this regard), 
the back-scattering was found to be some- 
what less for the cadaver than for water, 
the greatest differences being in the regions 
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of the chest and jaw. Readings on the 
chest and abdomen of living persons agree 
very well with those on the cadaver. 

For 200 kv. roentgen rays, the variations 
in surface intensity with variation in ir- 
radiated area agreed very closely, for all 
tests made, on cadaver, phantom, and 
patients. 

Percentage depth doses for 200 kv. 
roentgen rays, 700 kv. roentgen rays, and 
gamma rays, are tabulated for water and 
for the cadaver, for various depths, in a 
number of regions. The variations between 
the two are discussed in detail. In general, 
after the first few centimeters of depth, 
the values for the cadaver are somewhat 
higher than for water, but, with the excep- 
tion of the intraoral and thoracic regions, 
the differences are not important. Per- 
centage depth doses in the pelves of living 
individuals, obtained by placing the ion- 
ization chamber in the vagina, were found 
to agree well with those for the same region 
in the cadaver, and at least equally well 
with values obtained in the water phantom. 

The variation in percentage depth dose 
with irradiated area is tabulated for depths 
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in the chest and pelvis and for the water 
phantom. Variations are somewhat less in 
the pelvis than in water, and still less in 
the chest, for the cadaver. For patients, 
the measurements in the pelvis agree more 
closely with water than with the cadaver. 

For positions off the axis of the beam, in 
the pelvis and axilla of the cadaver, and 
the pelves of living persons, the values 
found were not very different from those 
on the isodose charts obtained with the 
water phantom. 

It is therefore concluded that, for all 
parts of the body except the chest and 
intraoral region, surface and depth dose 
values obtained by measurements in a 
water phantom may be used as a satisfac 
tory approximation to the true values in 
radiation therapy. For the two regions spec! 
fied, correction curves are given. 

We wish to thank Dr. Charles R. Stockard, r 
Department of Anatomy of Cornell University, for 
making available the cadaver used in this work. Ws 
acknowledge our great indebtedness to Dr. A. N. 
Arneson for his assistance in making all measure 
ments on living individuals. We also wish to express 
to Dr. G. Failla our appreciation for his continued 
interest and timely suggestions throughout the 
course of the work. 
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THE EFFECTS OF CROWDING ON HEAD FREQUENCY 
AND LENGTH OF LIFE OF PLANARIA DOROTO- 
CEPH ALA THAT HAVE BEEN EXPOSED TO 
VARIOUS DOSES OF ROENTGEN RAYS* 


By F. G. MESERVE a) 


EVANSTON, ILLINOIS 


on the effects of 
roentgen rays on animals exclusive of 
the human being have been plentiful from 
about 1903 up to the present time. Un- 
fortunately, however, physical data have 
been so incompletely given up to 1917 that 
results could not be correlated with the 
strength of the dosage except in a general 
way. Explanation of the effects of roentgen 
rays on planarian tissue has been offered by 
Curtis who states that the absence of re- 
generation is due to the destruction of cer- 
tain formative cells. Evidence from physio- 
logical studies analyzing the factors con- 
trolling regeneration deny the existence of 
any special formative substances. The 
analogy between the action of various 
drugs in different solutions and roentgen 
rays in varying doses suggests that their ef- 
fects are similar. In other words, roentgen 
rays affect the metabolic rate as do depres- 
sants. 

The following observations were made 
on animals in which only two environ- 
mental factors were varied, namely, the 
size of the population and the strength of 
the dosage. This experiment, which was 
run in March and April, 1932, concerned 
over 400 Planaria dorotocephala,io to 15 
mm. in length, which were selected from a 
stock supply which was collected near Lake 
Zurich, Illinois, in the middle of Decem- 
ber, 1931. The animals were kept in the 
laboratory for ten weeks under the follow- 
ing conditions: water changed daily, ap- 
proximately 500 kept in a gray enameled 
pan of 1 liter capacity; the container 
rested in a lead tray of running water; 
temperature averaged 20°C. with a range 
of 19-20.5° C., fed once a week on pork 
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liver and last fed seven days before ex 
posure to roentgen rays. 

The animals-were divided into groups of 
100 and transported to the roentgen labor 
atory in pint jars. In each case the entire 
group of 100 was exposed at one time. 
During exposure the animals were in a 
glass dish 20 mm. in diameter where they 
had been washed, the water drained off and 
iced carbonated water poured on and al 
lowed to remain three to four minutes and 
then pipetted off before the exposures be 
gan. Controls were similarly treated with 
carbonated water. By anesthetizing the 
Planaria an even distribution over the 
surface of the dish during exposure was 
insured. 

Data on the doses of roentgen rays are 
as follows: No filter was used: time was 
made the variable factor in measuring the 
different doses; 95-100 kilowatts peak; the 
distance between the P/anaria and the 
target was 15 inches. In group a, the time 
of exposure was ten minutes, a dose 
amounting to 4 skin units. In group B, 
the exposure time was twenty minutes, a 
dose of 8 skin units, and in group c the 
time was thirty minutes or 12 skin units. 
In all cases a film of water covered the 
bottom of the container to prevent the 
worms from sticking to the substratum. 
Several hours after the last exposure was 
made the Planaria were dropped with a 
pipette into Erlenmeyer flasks of 250 c.c. 
capacity. Each flask was then filled with 
250 c.c. of lake water. Twenty-four hours 
after exposures had been made the first 
physiological zooid was isolated by cutting 
off the posterior zooids and the heads. Only 
the first zooid was used in the experiment. 


* From the Locy Zoological Laboratory, Northwestern University. 
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TABLE | 


Number of Normal Heads I xpress¢ d in Perce tag 
Thirteen Days after I xposure to Roentgen Ra 


Groups Sing 
Roentgen dose 
No roentgen 
irradiation S56 2 9 
4 skin units 16 12 
8 skin units I 12 
12 skin units 6 ‘ 


The length of these isolated units ranged 
from 5 to 8 mm. in length. All flasks were 
set unstoppered in a tray of running water. 
The temperature varied from 1g to 20.5°C. 
Water was changed daily. 

Observations were made every twenty 
four hours for the first eight days. Atten 
tion was paid chiefly to the fate of the 
anterior end. At the end of the thirteenth 
day each specimen was examined under a 
binocular microscope to determine the de 
gree of head formation. Each group of 1 
was divided as follows: ten flasks with 1 


HEAD FREQUENCY EXPRESSED 
EXPOSURI 
Groups* Dosage II 
Single 4 skin units 5 
Single § skin units 2 
Single 12 skin units 
Single Controls 6 
10's 4 skin units 
10’s 8 skin units 
10's 12 skin units 2 
10’s Controls Q 
25's 4 skin units 22 26 
25's 8 skin units 12 2. 
25’s 12 skin units 4 28 
25’s Controls 2 
sos 4 skin units 16 32 
50's 8 skin units 22 
50's 12 skin units 6 26 
SOs Controls ale) 


*1 Normal head 
1 Blunt head 


v Anopthalmi 
mt Teratopthalmic 


VI Headless 


Effects of Crowding on Head Krequency 


iv Teratomorphic 


worm each; one flask with 10 worms; one 
flask with 25 worms; one flask with so 
worms. Controls were run. 


RESULTS 

The following results were obtained on 
the effects of crowding on head frequency 
in irradiated Planaria: 

1. Only one head was regenerated among 
the isolated forms exposed to roentgen rays 
and that occurred in the group exposed to 
the smallest dose (4 skin units). No normal 
heads were regenerated among the isolated 
worms exposed to 8 or 12 skin units. 

2. No normal heads were regenerated in 
any of the groups of 10 worms per flask 
that had been exposed to 4, 8, or 12 skin 
units. In the controls go per cent of the 
group of Io regenerated normal heads. 

3. A small percentage of normal heads 
regenerated in the groups of 25 and so 
that had been exposed to three different 
doses of roentgen rays. 

4. In all irradiated forms, exposed to 4, 
8, and 12 skin units, the predominating 


LE II 


ERCENTAGE, THIRTEEN DAYS AFTER 
RAYS 


[I] [V V VI VIII 
2 
I 
I 
6 
-4 4 
4 
2 4 4 2 
2 I 2 4 
16 6 4 2 4 
4 


vil Disintegrating 
vill Dead 


1 
| 

} 


554 I’. G. Meserve and Mary J. Kenney Ocr 


forms were blunt heads, teratopthalmic, 
and teratomorphic forms. The last two 
forms resembled types produced by various 
depressants or other physical and chemical 
agents. 

5. The greatest diversity of forms regen- 
erated, ranging from normal to acephalic, 
occurred in those exposed to 12 skin units 
and that were in the groups of So. 

6. In the group of 1o of the controls, 
10 per cent of the worms regenerated blunt 
heads. In the isolated controls, 30 per cent 
of the new heads were blunt. In both cases, 
the eye spots and auricles of these forms 
were normal, but the tips of the heads 
were rounded off and not pointed as in the 
normal forms. No blunt heads occurred in 
the controls of the groups of 25 and so. 

7. Whereas no blunt forms occurred in 
the groups of 25 and so of the controls, 
there were teratopthalmic forms which did 
not occur in any of the isolated Planaria 
or those in groups of Io. 


SUMMARY 


1. The results indicate that both cell 
division and differentiation are inhibited 


by exposure to 4, 8, and 12 skin units of 


roentgen rays and that these effects in- 
crease as the dose increases, and decrease 
to some extent as the degree of crowding 
increases. 

2. A greater diversity of forms occurs in 
the groups having the largest dose of roent- 
gen rays. 

3. The diversity of forms was greater in 
the groups of 25 and 50. 

4. Rate of development, if head forma- 
tion is not inhibited, is apparently not 


affected by exposure to roentgen rays of 


4, 8, and 12 skin units. 

5. In the controls, the results of crowding 
indicate that whereas crowding in the 
groups of 25 and 50 may facilitate growth, 
no blunt-headed forms appearing, it may 


check differentiation since teratopthalmic 
forms appear in the groups of 25 and so. In 
the singles and groups of 10 of the controls 
the reverse is true; that is, growth is 
checked as indicated by the presence of 
bluntheaded forms, whereas differentiation 
is not checked because no teratopthalmic 
forms appear. 

6. Death rates are proportional to the 
strength of the roentgen dose, becoming 
higher as the dose is increased. 

7. Comparative death rates among the 
different groups indicate that there may 
be some group effect, the benefits of larger 
groups becoming more evident as the dos 
age 1s increased. 

We wish to express appreciation to Dr. C. A, 
Matthews for having irradiated the Planaria used 
in this study. 
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PERFORATION OF BONE BY A SPLINTER OF WOOD 
CASE REPORT 


By CLARENCE A. 


RYAN, M.D., C.M. 


VANCOUVER, B. C. 


E., a boy aged twelve, was seen on August 
26, 1933, complaining of a discharging 
sinus on the dorsum of his left foot. 

Two years ago, while playing barefoot, on a 
wharf, he ran a splinter of wood into the sole 
of his left foot just behind the great toe. His 
parents removed a splinter, and since the foot 
was sore for a few days, applied hot moist 
dressings. The pain and soreness disappeared 
after three or four days and the boy did not 
have any further discomfort. About three 
months ago, a swelling appeared on the dorsum 
of the foot over the proximal end of the fifth 
metatarsal bone. This was quite sore and was 
incised by the family doctor. About half a 
dram of pus was removed. The incision did 
not heal, but continued to discharge a small 


amount of pus. There was no discomfort or 


pain either on walking or at any time. 


a 


Fic. 2 


When seen on August 26, there was a small 
sinus over the base of the fifth metatarsal on 
the dorsum of the foot. This sinus admitted a 
probe and was surrounded by an area, one-half 
inch in diameter, of glistening skin. There was 
no tenderness and very little discharge from 


Itc. 1. Shows the size of the splinter 
removed at operation. 


. Dorsoplantar, a, and oblique, 4, views showing the perforation through the fifth metatarsal. 
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the sinus. Roentgenograms, made elsewhere, 
showed an area of rarefaction approximately 
one-quarter of an inch in diameter in the base 
of the fifth metatarsal bone. There was some 
evidence of bone production, the thickness of 
the bone about the rarefied area being one and 
a half times the normal size. 

Since two years had elapsed from the time 
of the injury, and since the parents thought 
they had removed all of the wood splinter at 
the time of the accident, it was not considered 
possible that the injury had any connection 
with the present condition, and a diagnosis of 
Brodie’s abscess was made. The boy was ad- 
mitted to the hospital for operation. 

On August 29, the sinus was dissected out 
down to the bone. A punched-out hole was 
seen in the bone, and lying in this hole was a 
small dark-colored object. On attempting to 
remove this object with a forceps, a splinter 
of wood almost 2 inches in length, and an 
eighth of an inch wide and thick, was pulled 
out. From the direction in which the splinter 
ay it would seem likely that it had entered 
he foot near the base of the great toe and had 


Clarence A 


. Ryan 


been deflected by the bones and directed against 
the base of the fifth metatarsal. The splinter, 
at the time of operation, was protruding 
through the hole in the bone, apparently hay 


1 


ing forced its way completely through the bon 


The hole in the bone was approximately one 
quarter of an inch in diameter and ran obliquely 
through the bone from a point half an inch 
from the proximal end, on the lateral, to a 
point approximately three-quarters of an inch 
from this end, on the medial side. 

The accompanying photograph and roent- 
genograms illustrate the condition found at 
operation. 


The penetration of bone by a splinter 
of wood, even in a child with growing epiph 
yses, is unusual, as a search of the liter 
ature of the past two years shows. The 
foregoing case report shows that it is a 
point to be considered in dealing with the 
removal of splinters from the neighborhood 
of bone, particularly in children, and in the 
foot. 
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THE ANNUAL MEETING 


HE Thirty-fifth Annual Meeting of the 

American Roentgen Ray Society was 
held under the Presidency of Dr. G. 
W. Grier at the William Penn Hotel 
Pittsburgh, Pennsylvania. Those who were 
privileged to attend the meeting were fully 
repaid for their journey to Pittsburgh. As 
had been anticipated from Dr. Grier’s pre- 
liminary program, the finished product was 
up to the standard of the Society’s previous 
programs. The Society’s annual meetings 
offer an excellent opportunity for an ex- 
position of the various advances that have 
been made in roentgenology during the 
year and those who fail to avail themselves 
of the opportunity of attending these meet- 
ings miss much profitable information to be 
had from the various papers given, aside 
from the usual social amenities. 

This year’s scientific program offered a 
variety of subjects of interest beginning 
with the symposium on Roentgen Therapy 
and continuing with the group of papers 
having to do with Diseases of the Chest, 
the Alimentary Tract and a symposium on 
the Roentgen Diagnosis of Intracranial 
Lesions, and a splendid group of papers 
having to do with Lesions of the Urinary 
Tract. Of special interest was the paper on 
“A Classification of Pelves Based on the 
Anatomical Variations in the Female Pel- 
vis’ by Dr. W. E. Caldwell, Dr. H. 
Moloy and Dr. D. A. D’Esopo. This paper 
called attention to the obstetrical signifi- 
cance of pelvic variations in the mechanism 
of labor as revealed by roentgen methods 
of examination. There were several papers 
having to do with bone dyscrasias in dis- 
ease processes. Of particular interest was 
the paper by Dr. C. G. Sutherland on “The 
Limitations of Roentgenography in the Di- 
agnosis of Gout and Gouty Arthritis.” 

A listing of only a few of the many inter- 
esting papers will give some hint as to the 
high quality of the program. 

In addition to the scientific session, the 


scientific exhibit, while small as regards the 
number of exhibits, was of unusual interest 
and of high quality. Perhaps no meeting of 
the American Roentgen Ray Society has 
seen a more comprehensive group of sci 
entific exhibits than were assembled this 
year under the direction of the Committee 
on Scientific Exhibits. Elsewhere in the 
Journat will be found a description of the 
various exhibits. 

Perhaps no meeting of the Society has 
ever witnessed a more complete or attrac- 
tive group of commercial exhibits than was 
shown at this meeting and the physical ar- 
rangements of the Hotel offered an excel- 
lent opportunity for the Society and its 
guests to take advantage of this exhibit. 

The Caldwell Lecture, an annual event 
of the Society’s meetings, was given on 
Tuesday night by Dr. Walter B. Cannon. 
The topic of his lecture was “Some Re 
Hections on the Digestive Process.”’ The 
Society was indeed fortunate in persuading 
Dr. Cannon to give this Lecture. He 
sketched in brief his early research work on 
the digestive system and gave in review the 
various researches that have been carried 
out on the physiology of the gastro- 
intestinal tract since that time, emphasiz- 
ing the fertile field the gastrointestinal 
tract offers for further study. 

The social events of the meeting consist 
ed of a golf tournament on Monday after- 
noon, a picnic on Wednesday afternoon and 
the annual dinner on Thursday evening. 
These were all most enjoyable affairs. 

To Dr. Grier and his local committee of 
arrangements who gave so freely of their 
time and effort to make the meeting a suc 
cess, the Society owes a debt of thanks, and 
we would be remiss if we failed to express 
also our appreciation to the management 
of the William Penn Hotel whose many 
courtesies to the Society members and 
guests helped to make the stay in Pitts- 
burgh a very happy and memorable one. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 
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RADIOLOGICAL Section, Los ANGELES County MeEpica! 
SOCIETY 
Secretary, E.N. Liljedahl, Los Angeles, Calif. 

Meets on the third Wednesday of each month at thi 
California Hospital. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. F. B. Bogart, Medical Arts Bldg., Chat 
tanooga, Tenn. 

Annual meeting: San Antonio, Texas, November, 1934. 

BrooKLyN RoENTGEN Ray Society 
Secretary, Dr. A. L. Voltz, 115 Myrtle Ave., Richmond 
Hill, N.Y. 

Meets monthly on first Tuesday, October to April. 

BuFFALo RADIOLOGICAL SociETY 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 61 
Niagara St., Buffalo, N.Y. 

Meets second Monday of each month except during 
summer months, place of meeting selected by the 

CuicaGo RoENTGEN SOCIETY 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. 

Meets second Thursday of each month October to May 
inclusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. H. G. Reineke, General Hospital, Cin 
nati, Ohio. 

Meets third Monday of each month, October to May, 
inclusive. 

CLEVELAND RapIoLocicaL Society 
Secretar;, Dr. Otto Glasser, Cleveland Clinic. 

Meetings are held at 6:30 p.m. at the Cleveland Cham 
ber of Commerce Club rooms on the fourth Monday of 
each month from October to April, inclusive. 

Detroir RoENTGEN Ray Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. 

Meets monthly on first Thursday from October to May, 
at Wayne Country Medical Society Building. 

Fioripa RapIoLocicaL Society 
Secretary, Dr. W. McL. Shaw, 418 St. James Bldg. 
Jacksonville, Fla. 

Meetings held twice a year, May and November. 

ILtino1s RADIOLOGICAL SOCIETY 
Secretary, Dr. H. W. Grote, 219 N. Main St., Blooming 
ton, Ill. 

Regular meetings held quarterly. 


host. 


In- 


INDIANA ROENTGEN SOCIETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 
Annual meeting each February 22 in Indianapolis. 
MicHIGAN ASssocIATION OF ROENTGENOLOGISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph’s Mercy 
Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. 
MILWAUKEE RoEnTGEN Ray Society 


Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. 


Meets monthly. Place of meeting designed by the presi- 
dent. 

MinneEsora Society 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. 

New ENGLAND RoeENTGEN Ray Society 
Secretary, Dr. Thomas R. Healy, 370 Marlboro St., 
Boston Mass. 

Meets monthly on third Friday, Boston Medical Library. 

RADIOLOGICAL Society oF NEw JERSEY 
Secretary, Dr. P. S. Avery, New Brunswick, N. J. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place designated by the 
president. 

New York RoeEnNTGEN Society 
Secretary, Dr. E. F. Merrill, 30 W. soth St., New York. 
Meets monthly on third Monday, New York Academy 
of Medicine, at 8:00 P.M. 

NortH RoentGEeN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N.C. 
Annual meeting at time and place of State Medical 
Society. Mid-year scientific meeting at place designated. 

CentraL New York RoeEntGEN Ray Society 
Secretary, Dr. F. C. Rulison, Medical Arts Bldg., Syra- 
cuse, 
Chree meetings a year—January, May, and November. 

Paciric ROENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. 

Meets annually, during meeting of California Medical 
Association 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, Williamsport, Pa. 

Annual two-day meeting held during May. 1935 meet- 
ing, to be announced. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Thomas Loughery, Germantown Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

RocHESTER ROENTGEN Ray Society, Rocuester, N.Y. 
Secretary, Dr. W. W. Fray, Strong Memorial Hospital. 
Meets monthly on second Thursday from October to 
May, inclusive, at 7:45 at the Rochester Medical Associa- 
tion Building. 

Sr. Lours RoentGEN Ray Society 
Secretary, Dr. P.C.Schnoebelen, Missouri Bldg., St. Louis, 
Mo. 

Meets first week of each month. Time and place of meet- 
ings designated by president. 

SoutH Caroiina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina State Medical 
Association. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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VirGINIA ROENTGEN Ray 
Secretary, Dr. Wright Clarkson, 205 S. Sycamore St., 
Petersburg, Va. 
Next meeting, to be announced. 

CuBA 

SociEDAD CUBANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British EMPIRE 

Britisn Instirure or RapioLtocy INCORPORATED WITH 
rHE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No 
vember to June inclusive, at 8:15 P.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

E.Lecrro-THERAPEUTIC SECTION OF THE SOCIETY 
or Mepicine (ConFinep To Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 1 
Wimpole St., London, W. 1. 

SecTIoN OF RADIOLOGY AND Mepicat ELecrriciry, Aus 
rRALASIAN MeEpDICcAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British AssociaTIoN 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 

Meets monthly at Melbourne during the winter. 

SECTION ON RapIoLocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

RADIOLOGICAL Section, NEw ZEALAND BririsH 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ 
church. Meets annually. 


CONTINENTAL EvuROoPE 


BELGIAN Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium) 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 
Rapio.ocie MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
Suisse DE RapIoLocie (SCHWEIZERISCHE RONT- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse, 
Biel. 
Meets annually in different cities. 
SociéTeE FRANCAISE D’ELECTROTHERAPIE ET DE RADIOL- 
ociE MEDICALE. 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND Rapt- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 
DeutscHeE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 
Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 


Permanent secretary, Professor Dr. Haenisch, Klo} 
strasse 10, Hamburg, Germany. 

Sitp- UND WESTDEUTSCHE RONTGENGESELLSCHAF 
Meets annually in different cities. 

NorbD- UND OsTDEUTSCHE RONTGENGESELLSCHAI 
Meets annually in different cities. 


Durcn Society oF ELECTROLOGY AND ROENTGENOLO« 


Holds two meetings a year in Amsterdam, on 
Spring, and one in the Fall. 

SocierA Rapro.tocia MeEpIcA 
Secretary, Professor M. Ponzio, University of 
Turin. 

SocrETATEA ROMANA DE RADIOLOGIE st ELECTROLO« 


Secretary, Dr. Nicolae Busila, 44 Elizabeta Blvd., 


carest. 
Meets second Monday in every month with th 
tion of July and August. 


RoentTGeN Ray Association, LENIN 


USSR in the State Institute of Roentgenology 


Radiology, 6 Roentgen St. 


Bu 


Secretaries, Drs. S. A. Reinberg and S. G. Simonso: 


Meets annually. 
LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Guster 
Meets monthly, first Monday at 8 o'clock Stat 
tute of Roentgenology and Radiology, Leningrad. 
Moscow RoeENTGEN Ray Society 


Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. 7 


Konobejevsky. 
Meets monthly on the first Monday at 8 o'clox 
place of meeting being selected by the Society. 
Society oF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslaz| 
Warsaw. Meets annually. 
Warsaw Section, Society oF RADIOLOG\ 
Secretary, Dr. B. Krynski, 11 Zielna St. 
Meets once a month except in the summertime. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed 
association called the Northern Association for M 


Radiology, meeting every second year in the different 


countries belonging to the Association. Each of the f 


lowing societies, with exception of the Denmark S« 
meets every second month except in the summerti 
Society oF MEpIcAL RADIOLOGY IN SWEDEN 
Meets in Stockholm. 
Society oF MepicaLt RapioLocy 1n Norway 
Meets in Oslo. 
Society oF MepicaLt RApIoLocy DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 


me 


Meets on the second Wednesday of each month fron 


October to July in Copenhagen, at 8 o’clock in th 
Institute of Roentgenology. 

Society oF MeEpicaL RapioLocy 1n FINLAND 
Meets in Helsingfors. 

VIENNA Society OF ROENTGENOLOGY 
Secretary, Professor Holzknecht, Vienna, 1x, G 
Hospital. 
Meets first Tuesday each month, October to Jul 


ORIEN’ 


Japan X-Ray AssociaTIONn 
c/o Orthopedic Surgery, Tokyo Imperial Universit 
Meets annually in April. 

Kink1 RoENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike 
Japan. Meets bi-monthly on third Sunday. 


| voto, 
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PHYSICAL ASPECTS OF VARIOUS 
QUALITIES OF RADIATION 
To the Feditor: 


Apropos of the article by Dr. Robert S. 
Landauer, on page 235,in the August, 1934, 
issue of the JourNAL, and still further be 
cause of the laudatory remarks of this 
presentation in the editorial, on page 241, 
by Dr. Arthur H. Compton, I trust I may 
be pardoned for having the temerity to 
register a disagreement with some of the 
remarks therein contained. 


In the effort to clear the atmosphere of 


false impressions with regard to radiant 
energy absorbed at the surface and at dif 
ferent depths, inclusive of the so-called 
depth dose (at 10 cm.), it is implied in the 
article that even in superficial therapy the 
higher voltage and stronger filtration are 
desirable. This is most assuredly against all 
clinical experience as accumulated to date. 


To this I must add the query, Why deliver 


a sO per cent or greater depth dose (at 1 
cm.) when the radiation effect is only de 
sired on the superficial structures? 

The author has himself shown that when 


strongly filtered radium is used, because of 


the close proximity as compared with 
longer focal distance in roentgen therapy, 
the depth dose with radium is far inferior 
to that of even the lower voltage and more 
weakly filtered roentgen rays. This, there 
fore, fails as an argument in favor of high 
voltage in superficial therapy. 

If from clinical experience, supplemented 
by dose measurement, the lower voltage 
and weaker filtration have proved most 
efficient in the treatment of superficial le 
sions, why may not intermediate voltage 
and filtration be logical in lesions of inter 
mediate depth, thereby avoiding possible 
damage to the deeper uninvolved struc 
tures? 

Allowing the argument to stand that for 
deep-seated lesions the highest voltage and 
Strongest filtration, within reason, for 
maximal intensity effect are indicated 
nevertheless may I repeat that irreparable 
damage to neighboring and deeper normal 
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structures would appear unjustifiable when 
with lesser voltage and filtration such 
damage could be avoided. It is therefore 
evident that though higher voltage, 
stronger filtration and increased intensity 
output are desirable in deep-seated malig- 
nancy, the lower voltage and lesser filtra- 
tion still has a definite place in radiation 
therapy of skin, superficial and intermedi- 
ately located lesions, especially when the 
latter are of radiosensitive type. 

There are two other points in the article 
which have not been stressed sufficiently: 
one of these is clearly insinuated by the 
inferior depth dose resulting from the close 
application of radium as compared with 
the improved depth dose from the longer 
focal distance of the roentgen rays. It has 
been shown experimentally that almost as 
good a depth dose can be obtained by in- 
creasing the focal distance as by increased 
voltage at a shorter distance. Thus with 
customary filtration, 200 kv. at 100 cm. 
focal distance shows almost as good a depth 
dose as 400 kv. at half the above focal dis- 
tance, leaving the subject of milliamperage 
and time factors out of consideration since 
as a matter of fact with oil or water cooling 
at 200 kv. the time factor need be no 
greater than with air cooling at 400 kv. and 
over. | might therefore repeat the author’s 
inquiry as to whether, either by physical 
dose measurement or by clinical observa- 
tion, the large financial expenditure is 
justified by the relatively small increase in 
efficiency obtainable by exceedingly ex- 
pensive high voltage installation. 

There also remains the paradox that for 
a given erythema reaction as a guide to 
biological effect, almost six times the dose 
as measured in r may be administered with 
the rays of shortest wave length as com- 
pared with low voltage unfiltered radiation. 
If further proof of the latter is required 
then let anyone apply 2,000 r with unfil- 
tered rays and lower voltage to a medium- 
sized epithelioma and note the disappear- 
ance of the lesion with replacement by a 
soft white scar, as compared with the red- 
ness followed by a patch of bronzing when 
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to a similar sized area 2,000 r is applied 
with the shortest wave length rays. 

Finally, one might well ask, where is the 
parallelism or similarity between ionomet- 
ric measurements and skin (or biological) 
reaction, superficial and depth dose, when 
in consideration of the wide range of the 
number of roentgens as measured in air 
with radiation from unfiltered roentgen 
rays up to and inclusive of the gamma rays 
of radium, the estimated range for similar 
skin (biological ?) reaction is respectively 
from 350 to 2,000 r? 

It is after all rather remarkable that 
in measuring incidence and transmission 
through a small fixed thickness of sub- 
stance, or in a study of various half-value 
layers, an almost constant figure is obtain- 
able as an index to the number of roentgens 
required for a given reaction throughout 
the range of voltages as applied in roentgen 
therapy today. 

Wan. H. Meyer, M.D. 
Director, Department of Roentgenology 
New York Post-Graduate 
Medical School and Hospital, 
New York City. 


To the Editor: 

[ am pleased to have Dr. Meyer’s com- 
ments on my recent article. As I have 
stated in that article, my conclusions were 
that the ultimate value of high voltage was 
dependent not only on the economic factors 
but also on the clinician’s verification of 
better clinical results. | consider Dr Mey- 
er’s answer as a clinical contribution. 

It would seem to me that Dr. Meyer 
has placed an interpretation on my article 
which careful analysis will not bear out. 
I do not advocate the use of high voltage 
for superficial therapy. I simply state that 
through its use more radiation can be de- 
livered where desired. However, I specifi- 
cally state that it is not necessarily desirable 
to give the greatest possible amount. | 
quote from paragraph 3, page 235: ““—1is 
the assumption that the greater the quan- 
tity of radiation absorbed, the greater will 
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be the beneficial effect. This assumption is 
not necessarily true, and of course in many 
of the common diseases treated with roent- 
gen rays does not hold at all.” I further 
state (paragraph 4, page 236) that “‘this 
advocacy of an extremely high voltage is 
based solely on the premise that through 
its use more radiation will be absorbed at 
the point where it is desired. It does not 
take into account any possible differences 
in the biological action of the different 
qualities of radiation, nor does it take into 
account the economic consequences.” 

[ fully agree with Dr. Meyer that to 
deliver more radiation to a lesion than is 
necessary, and hence to give unnecessary 
radiation to deeper parts, would be of no 
value and even possibly of harm. However, 
I fail to see where | have advocated such a 
procedure. 

Dr. Meyer states that it has been ex- 
perimentally shown that almost as good 
a depth dose can be obtained at 200 kv.p. at 
100 cm. distance as at 400 kv.p. and socm. 
distance. This is quite true. But if an in- 
crease of distance will increase depth dose 
at 200 kv.p. the same increase will corre- 
spondingly increase the depth dose at 40 
kv.p. Since the intensity at 400 kv.p. (2 mm. 
copper) is almost seven times that at 20 
kv.p., increased distances can be used at the 
higher voltage, and an economical treat- 
ment time still be preserved. 

In his seventh and eighth paragraphs, 
Dr. Meyer brings up the question of paral- 
lelism of ionometric measurements and 
biological reaction. I stated in my article 
that this apparent difference may well be 
due to a difference in rate of application of 
the radiation. The experiments of Packard, 
and more lately those of Hodges, indicate 
that if equal doses of hard and soft radia- 
tion are given in equal times, the biological 
(skin) reactions are equal. 

In conclusion, I would like to say again 
that the problem of radiation therapy 
must be divided into two parts: the phys 
ical dose and the biological effect. | have 
concerned myself with attempting to cor- 
rect a rather general misconception re- 
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garding the physical dosage. It is the prob 
lem of the phy sicist to tell what roent; ae 
ray quantities are available. It 1s the clini 
cian’s problem to choose properly from 
those quantities those which will best fit 
his purposes. 

RoBErRT S. LANDAUER, PH.D. 


THE SCIENTIFIC EXHIBIT 


The Scientific Exhibit, which is always 


a valuable part of the annual meetings of 


the American Roentgen Ray Society, com 
prised the following at this year’s meeting 
in Pittsburgh: 

‘ Anatomical Variations in the Female 
Pelvis” by W. E. Caldwell, M.D., Howard 
C. Moloy, M.D., and Anthony D’Fsopo, 
M.D., Sloane Hospital for Women, New 
York City. This exhibit showed in detail 
the anatomical variations illustrated by a 


number of life-sized half-tone drawings of 


the bony pelvis, each one carrying suitable 
labels, and combined diagrams to illustrate 
the influences which bring about these 
marked variations in shape. The four most 
important typical examples were given. 
The mechanism of labor was illustrated by 
half-tone drawings showing the fetal head 
in the pelvis, this part of the exhibit con 
sisting of approximately fifteen illustra- 
tions. A valuable part of the exhibit was 
the roentgen technique shown in diagrams 
and also a precision stereoscope measuring 
7” X 2” X4" to illustrate measurement of 
the pelvis and control of the image. This 
exhibit supplemented the paper given by 
Drs. Caldwell, Moloy, and Esopo. The 
quality and value of this exhibit were suf 
ficient to warrant its being awarded the 
Society’s gold medal. 

Another very beautiful and comprehen 
sive exhibit was on “The Effect of High 
Voltage Irradiation on Cortical Renal 
Tumors” by Charles A. Waters, 
Brady U rological Institute, Johns Hopkins 
Hospital, Baltimore, Md. This wchibieg gave 
a condensed history, reproduction of pyelo 
grams, both before and after irradiation, 
the comprehensive treatment charts giving 
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the amount of radiation in roentgens, and 
some beautiful colored drawings of re- 
moved kidneys showing the type tumor 
formation, and photomicrographic studies 
of removed kidneys. The comprehensive- 
ness of this exhibit in illustrating the vari- 
ous points of interest in irradiation of cor- 
tical renal tumors cannot be too highly 
commended. This also was a supplement to 
a paper on this subject given at the sci- 
entific session. This exhibit was awarded 
the silver medal. 

An exhibit on the “Roentgen Diagnosis 
of Brain Tumor” by Fred J. Hodges, M.D., 
and Vincent C. Johnson, M.D., University 
of Michigan, Ann Arbor, Mich., demon- 
strated the types of intracranial lesions 
visualized or localized by roentgen meth- 
ods, with confirmation by operation or 
pathologic tissue material, and connotation 
of and comparison with clinical localiza- 
tions. This exhibit was an exceedingly in- 
teresting and instructive one and was of 
such merit as to be awarded the bronze 
medal. 

In addition to this exhibit on the roent- 
gen diagnosis of brain tumors, there was 
an exhibit on “‘Encephalography—Cere- 
bral Pneumography” by B. H. Nichols, 
M.D., Cleveland Clinic, Cleveland, Ohio. 
This exhibit was of importance because it 
illustrated many points of diagnosis in en- 
cephalogr aphy, especially in the diagnosis 
of tumors in the parasellar and sella turcica 
region. 

One of the most important exhibits and 
one from which most of the members de- 
rived a great deal of interest and profit, was 
the ““Roentgen Diagnosis of Aneurysms of 
the Innominate Artery” by C. H. Warfield, 
M.D., Cook County Hospital, 


Chicago, 
Ill. Those who 


failed to see this exhibit 
missed a splendid opportunity because 
undoubtedly many aneurysms of the in- 
nominate artery have passed through the 
roentgen-ray departments of hospitals mas- 
querading under the guise of retrosternal 
or substernal goiters. This exhibit consisted 
of 8”X10” reductions of films showing the 
aneurysm and its position in relation to the 


t 


564 


trachea and other retrosternal structures, 
and also there was an exhibit of patholog- 
ical material illustrating in a gross manner 
the aneurysm and its location. Those who 
failed to see this exhibit should avail them- 
selves of the opportunity to read Dr. War- 
field’s paper which will appear in a subse- 
quent issue of the JouRNAL. 

Dr. Henry K. Taylor of the Beth Israel 
Hospital, New York City, had an exhibit 
on ““Suppuration in the Pneumatic Petrous 
Apex.” Of these 30 cases, 25 presented a 
given symptom-complex, requiring surgical 
interference to induce drainage from the 
petrous apex, to avoid an intracranial com- 
plication. Two cases presented no symp- 
toms other than an otorrhea following 
mastoidectomy, and 3 cases presented a 
persistent otorrhea. This exhibit was of 
great interest and importance in calling at- 
tention to a frequently overlooked associ- 
ated process in mastoiditis. Its value was 
enhanced considerably by Dr. Taylor’s 
personal demonstration of the exhibit be- 
cause the finer points would undoubtedly 
have been passed over by a casual observer 
had not Dr. Taylor given so freely of his 
time in discussing the films. 

An exhibit by Dr. Fred O. Coe from the 
Radiological Clinic of Drs. Groover, 
Christie and Merritt, Washington, D. C., 
on “Traumatic Lesions of the Urinary 
Tract” illustrated by intravenous and ret- 
rograde pyelograms the too frequently 
overlooked lesions following violent and at 
times casual trauma. 

An exhibit by Drs. Maurice M. Pom- 
eranz and !sidor S. Tunick, Hospital for 
Joint Diseases, New York City, on “Vari- 
cography” attracted considerable attention 
because of the comprehensiveness of the 
exhibit in illustrating the various points in 
varicography. The exhibit attempted to 
visualize the morphological changes that 
occur in varicose veins, to determine the 
character of the associated circulatory phe- 
nomena and to discover, if possible, the 
presence or absence of vascular channels 
or venous pools subjacent to varicose ul- 
cers. Five to 20 c.c. of a 40 per cent skiodan 
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solution was employed and this gave satis- 
factory results and permitted roentgeno- 
graphic visualization of the veins and of 
retrograde circulation in them. The exhibit 
called attention to the fact that the plates 
were taken in the prone and upright posi 
tions, and the size, shape and positions of 
the veins clearly defined. Venous angi- 
omata were also injected with this solution 
to more clearly define their size. Dr. Pom 
eranz and his associates found during the 
course of this work that skiodan is a scle- 
rosing mixture equal to that of any of the 
chemicals usually employed for that pur 
pose so that its injection serves the double 
purpose of study and record as well as act 
ing as a therapeutic agent. 

The exhibit by B. R. Kirklin, M.D., 
R. K. Ghormley, M.D., and V. L. Peter 
son, of the Mayo Foundation for Medical 
Education and Research, Rochester, Minn.., 
on “Facet Syndrome—aArthritis of the 
Articular Facets of the Vertebrae’”’ was a 
comprehensive one illustrating the tech- 
nique for demonstrating articular facets of 
the spine, with some typical cases of ar- 
thritis of the articular facets. This examina- 
tion, as illustrated by the exhibit, supple 
ments to a considerable degree the routine 
examinations of the spine in anteroposte 
rior and lateral directions. 

The exhibit by C. G. Sutherland, M.D., 
and P.S. Hench, M.D., of the Mayo Foun- 
dation for Medical Education and Re- 
search, Rochester, Minn., on “‘Roentgeno- 
graphic Study of Gout” comprised films 
and photographs illustrating the various 
phases of gouty manifestations from its 
early, scarcely demonstrable, soft tissue 
swellings and early bone lesions to the more 
advanced types, calling attention to the 
fact that the usually accepted roentgen 
findings in gout are not always present and 
some of the so-called atypical manifesta 
tions are really gout. The exhibit also 
served to bring out the very important dif- 
ferential diagnosis between gout and ar 
thritis, emphasizing the fact heretofore 
clinically known, that gout is much more 
prevalent in the male and that the major 
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ity, approximately go per cent, of the bony 
changes in the hands and feet of female pa 
tients are of an arthritic nature and not go 

Drs. W. F. Manges and J. T. Farrell, 
Ir., Jefferson Hospital, Philadelphia, Pa 
gave an excellent exhibit on 
Anomalies of the Alimentary Tract.” 
exhibit showed a variety of congenital 
defects, particularly those associated with 
congenital shortening of the esophagus, an 
anomaly which apparently is overlooked 
all too frequently in gastrointestinal 
aminations. This exhibit served to amplify 
and expand the paper by Drs. Clerf and 
Manges on the same subject. 

The exhibit by C. B. Peirce, M.D., and 
Henry Field, Jr.. M.D., from the Dey yart 
ments of Roentgenology and Racial 


“Congenital 
This 


Medicine, University of Michigan, Ann 
Arbor, Mich., on “‘lusospirochetal Pneu 
monia” was a most beautifully arranged 


exhibit showing the initial and progress 
roentgenograms of the chest illustrating 
the changes which take place in the pneu 
monic process incident to infection of the 
lung by the fusospirochetal organisms. 

An exhibit on “‘Encephalograms Using 
Thorotrast as Contrast Medium” by 
Claude Moore, M.D., Washington, D. C., 
and Herbert H. Schoenfeld, M.D., was 
made up entirely of 10” X12" films mounted 
in black cardboard showing normal and 
pathologic cerebral conditions in several 
cases. The illustrations showed very beau 


tifully the cerebral and ventricular sys 


tems. Dr. Moore’s original description of 


his use of thorotrast as a contrast medium 
in encephalography was published recently 
in the Medical Annals of the District of 
Columbia. 

Dr. William G. Herrman, \ 
N. J., had an exhibit of “Cases Illustrating 
a New Method of Cardiac Measurement.” 

Dr. Robert Drane, Savannah, Ga., had 
a small exhibit of a case of “Primary 
Lymphosarcoma of the Stomach.” 

The exhibit by Dr. Joseph C. Bell, 
Louisville, Ky., was an excellent one on 
“Serial Radiography, with and 


\sbury Park, 


without 


Localized Pressure, in the Diagnosis of 
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Gastrointestinal Disease.’’ This consisted 
of fifty-five mounts showing lesions of the 
stomach and duodenum. 

Dr. J. Friedman, General 
Hospital, Montreal, Canada, gave an ex- 
hibit on “‘Roentgenological Demonstration 
of Uncommon Gastrointestinal and Pul- 
monary Lesions.” 

The exhibit by W. E. Chamberlain, 
M.D., and Barton R. Young, M.D., Tem- 
ple University Medical School, Philadel- 
phia, Pa., was entitled ““The X-Ray Mu- 
seum.” This was a rather comprehensive 
exhibit illustrating their method of pre- 
paring and cataloguing the material for the 
x-ray museum and the system used in 
transporting the collapsible illuminators to 
state and national scientific meetings. This 
exhibit called attention to the importance 
of the x-ray museum as a part of the medi- 
cal school program of instruction. 

Dr. G. E. Pfahler and Dr. Jacob Vas- 
tine, Philadelphia, Pa., gave an exhibit on 
“Roentgen Diagnosis of Tumors of the 
Bladder—a Serial Study under Treatment 
by Irradiation.” This exhibit consisted of 
a series of pneumocystograms used for di- 
agnosis of carcinoma of the bladder. These 
cystograms illustrated the irregular bor- 
ders, broad base and irregular density and 
location; usually the anterior films show 
the tumor base, because most tumors oc- 
cupy the posterior wall of the bladder. A 
second series of pneumocystograms showed 
the progressive reduction in the size of the 
tumor under high voltage roentgen ther- 


Woman’s 


apy, and a third series of pneumocysto- 
grams illustrated benign papillomata. These 
cystograms exhibited the small size, the 
multiple distribution, the narrow base and 
uniform density of the tumor and also the 
complete flexibility of the bladder wall, as 
well as the smoothness of the bladder wall. 
The fourth series of pneumocystograms ex- 
hibited the enlarged prostate, particularly 
demonstrating the projection into the 
bladder of the middle prostatic lobe, calling 
attention to the smooth outline and uni- 
form density in the benign cases and irregu- 
lar density in prostatic carcinoma. 
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Dr. William H. Stewart and Dr. H. E. 
Illick, New York City, presented an ex- 
hibit amplifying their paper on the ‘‘Ad- 
vantages of Intensified Oral Cholecystog- 
raphy.” The so-called intensified chole- 
cystography results in a more intense 
shadow of the gallbladder being obtained 
and promises even greater dependability 
in the study of “‘faint” and “‘no shadow” 
cases than was possible heretofore. Their 
method is based on the theory that the 
administration of glucose accelerates and 
intensifies the hepatic function so that 
tetraiodophenolphthalein is utilized more 
rapidly and completely. The dose is frac- 
tionated and administered in smaller por- 
tions over a longer period of time with an 
increased total amount. 


FOURTH INTERNATIONAL CON- 
GRESS OF RADIOLOGY 


The Fourth International Congress of 


Radiology was held in Switzerland from 
July 24 to 28, 1934, the first four days being 
held at Zurich and the remaining three 
days at St. Moritz. This Congress was held 
under the presidency of Dr. H. R. Schinz 
of Zurich. 

The opening meeting of the Congress 
was held in the Stadttheater, Dr. Schinz 
presiding, where the transfer of office from 
the past president, Dr. Anton Béclére, to 
Dr. Schinz took place. The speech of wel- 
come to the assembled delegates was made 
by the Minister of Federal Affairs, Dr. P. 
Etter. This was responded to by by Dr. C. 
Thurstan Holland, Professor Maier, Pro- 
fessor Niggli and Professor Forssell. Then 
following the precedent established at the 
Third International Congress, the remain- 
der of the opening meeting was dedicated 
to a discussion of the Fight against Cancer. 
Dr. Schinz had asked the various member 
states to send a report on the organization 
of the fight against cancer in their respec- 
tive countries. Twenty-one European na- 
tions responded to this request; Egypt, 
Persia, Japan, the United States, Australia 
and New Zealand were the other countries 
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which responded. Dr. Schinz’ address had 
to do with an analysis of these various 
reports dealing with radiotherapy of malig. 
nant tumors. Among many things, he said 
that all reliable statistics from various 
lands show an increase in the cancer mor 
tality, this increase being due to the in- 
creasing average age of the population. 
But in spite of this fact, the public, know 
ing the apparent and actual increase in 
cancer, have become somewhat frightened 
and the public authorities are commencing 
to study the problem which is still far 
from its solution. Both the surgeon and 
the radiologist are interested in the earl) 
diagnosis of cancer, for the treatment in 
both cases is local. Dr. Schinz discussed 
somewhat the broader aspects of the de- 
tailed reports and closed by saying: 

“Efforts are being made everywhere by 
means of educational propaganda to en 
able the cancer patients to receive early 
and proper treatment. For this purpose 
special institutes are necessary and from 
almost all the reports we see that this is 
best achieved when in each land one or 
two pioneer clinics are formed. Subse- 
quently further institutes can couple them 
selves to these parent centres. 

“But means and materials are not 
enough: above all, men of inspiration and 
men of courage are needed, men through 
whom institutions receive their life. It is 
the man, not the machine that counts.” 

Dr. Schinz’ discussion was followed by a 
report by Dr. Soiland on the cancer prob- 
lem in the United States; Dr. Ledoux-Le- 
bard for France, Dr. Palmieri for Italy 
and Professor Maisin for Belgium. These 
discussions were followed by one given by 
Professor Sauerbruch of Germany who 
spoke on the surgical side of the treatment 


of cancer to which Professor Frick of 


Germany responded on the radiological side 
of the question. 

The initial program was followed that 
evening by a Swiss Festival called ‘M1x- 
tura Helvetica.” This festival was held at 
the Grand Hotel Dolder. It consisted of 
Swiss folk pastimes with processions of the 
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natives from the various Cantons dressed 
in their local costumes and songs and 
dances of the Alpine districts, the Swiss 
Midlands, the Rhone Valley and the Can 
ton Tessin. 

The scientific programs of the meetings 
were held in the lecture halls of the Uni 
versity and of the Institute of Technology. 
Over 300 papers were delivered at the Con 
gress and this gives some idea of the scope 
of the meeting. The various diagnostic 
papers were subdivided into groups which 
caused considerable confusion at times in 
reaching the proper place of assembly. 
The time for delivery of the papers was 
limited to ten minutes. The discussants for 
each paper were announced before the 
paper was read so there was practically no 
confusion regarding the discussants or the 
length of time the discussions were to run. 
There were many papers of importance 
given at the Congress, which will be pub 
lished subsequently in various journals. 

Among the various exhibits given at 
the Congress were special exhibits of books 
having to do with radiology and radiologi 
cal problems and an exhibition of the ap 
plication of radiology to the investigation 
of materials and paintings. These exhibits 
were held in the Institute of Technology. 
There was a most comprehensive exhibit 
of the roentgenological investigation of 
fossils. This superb demonstration was 
held at the Zoological Institute of the 
University. There was a very large com 
merical exhibit held in the Kunstgewer 
bemuseum, which was at some distance from 
the meetings, where the most modern 
equipment and machinery having to do 
with radiological installations was shown. 

On Saturday, July 28, the activities of 
the Congress were transferred to St. Mor 
itz. There was a grand reception on Satur 
day evening to the delegates, and the fol 
lowing day was held open so that the dele 
gates might enjoy the magnificent scenery 
of the Alps. On Monday the scientific 
program was resumed, the Congress closing 
on Tuesday with a farewell banquet. 

As is customary, the papers at the Con 
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gress were given in French, German or 
English, this precedent having been estab- 
lished at the first congress. 

The Fifth International Congress of 
Radiology is to be held in the United States 
in 1937. Dr. Arthur C. Christie, Washing- 
ton, D. C., was elected President of this 
Congress and Dr. B. H. Orndoff, Chicago, 
Ill., General Secretary. 

It was a great privilege and pleasure to 
have attended this Fourth International 
Congress of Radiology and to have enjoyed 
the splendid hospitality of the Swiss 
Nation. To Dr. Schinz and his able com- 
mittee and to Dr. Walther, the General 
Secretary, an expression of thanks is due 
for the splendid program and the manner 
in which the Congress was conducted. 


MINNESOTA RADIOLOGICAL 
SOCIETY 
The annual meeting of the Minnesota 
Radiological Society was held in connec- 
tion with the meeting of the Minnesota 
State Medical Association in Duluth, 
Minnesota, July 16, 1934. The following 
program was presented. 
Cholecystographic Findings in a Series of 
Operated Cases, Edward Schons, St. Paul. 
Osteomyelitis of the Spine with Case Re- 
ports, J. R. McNutt, Duluth. 
The Radiation Therapy of Carcinoma of the 
Lip, C. O. Hansen, Minneapolis. 
A Roentgenologic Consideration of the Nor- 
mal Colon, H. M. Weber, Rochester. 
The Roentgen Diagnosis of Placenta Praevia, 


W. H. Ude, Minneapolis. 


Election of officers for the coming year 
resulted as follows: President, Dr. Robert 
G. Allison, Minneapolis; Vice-President, 
Dr. Eugene T. Leddy, Rochester; Secre- 
tary-Treasurer, Dr. Leo G. Rigler, Minne- 
apolis. 

The Russell Carman Memorial Lecture 
was inaugurated at this meeting before the 
general assembly of the Minnesota State 
Medical Association. Dr. Donald C. Bal- 
four, of Rochester, delivered a splendid 
address on the life of Dr. Carman and his 
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contributions to radiology. Dr. B. R. 
Kirklin introduced Dr. A. B. 
Washington, D. C., who presented an 
address on “The Function of the Roentgen- 
ologist in the Diagnosis of Abdominal Con- 
ditions.”’ A similar lecture will be given 
each year at the meeting of the Minnesota 
State Medical Association. 
Leo G. RIGLER 
Secretary 


NEW OFFICERS 


The following officers were elected for 


the coming year at the recent meeting of 


the American Roentgen Ray Society: 
President: George W. Grier, Pittsburgh, 
Pa.; President-Elect: Fred M. Hodges, 
Richmond, Va.; First Vice-President: Lyell 


Moore of 
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C. Kinney, San Diego, Calif.; Second Vice. 
President: John Sproull, Haverhill, Mass.; 
Secretary: Kugene P. Pendergrass, Phila 
delphia, Pa. 
ward L. 
elected). 


re-elected): Treasurer: Fd 


Jenkinson, Chicago, Ill. (re 


RADIOLOGICAL SOCIETY 


OF NORTH AMERICA 

The Radiological Society of North Amer 
ica will hold its Twentieth Annual Meeting 
at the Hotel Peabody, Memphis, Tennes 
see, December 3-7, 1934- The medical pro 
fession is cordially invited to attend. Fur 
ther information may be obtained by 
addressing the Secretary-Treasurer, Dr. 
Donald S. Childs, 607 Medical Arts Build 
ing, Syracuse, New York. 
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RapIOLoGic EXPLORATION OF THE MUCOSA oO} 
THE GASTRO-INTESTINAL Tract: By the Cole 
Collaborators: Lewis Gregory Cole, M.D., 
Robert E. Pound, M.D., William Gregory 
Cole, M.D., Russell R. Morse, M.D., 
Courtenay I. Headland, M.D., and Ames 
William Naslund, M.D. Cloth, price, 37 
3 Morocco, $10. Pp. 336, with 243 illus 
trations. St. Paul and Minneapolis: The 
Bruce Publishing Company, 1934. 


Students and practitioners of roentgenology 
can read this book by the Cole Collaborators for 
entertainment, for stimulus to thought or for 
formal instruction, depending on the equation 
and the mood of the reader. Only the newest 
novice needs be told that the senior author, 
Lewis Gregory Cole, is an elder statesman 
among the roentgenologists of America and of 
the world. With his long experience, beginning 
almost immediately after the advent of the 
roentgen ray, his colorful personality , his pen 
chant for radiologic polemics and his incisive 
vocabulary. Cole could not possibly write ig 
norantly or uninterestingly. Moreover, the man 
who put a firm foundation under the diagnosis 
of duodenal ulcer and was a sturdy pioneer in 
establishing all roentgen diagnosis on direct 
signs cannot often be wrong. But if anyone is 
disposed to challenge assertions in this book, hx 
is welcome to break a lance with Cole, who has 
never dodged a debate or begged for quarter in 
all his long career. In witness thereof is the 
copious exchange of amenities between Cole 
and Forssell that is a feature of the volume. On 
casual reading the exchange may seem to be a 
Pickwickian controversy that might well have 
been reduced to its least common multiple, but 
this would have denatured the book beyond 
recog:.ition as the work of Cole. 

If the man who has one is asked what the 
book is all about, he will begin by telling what 
It is not about, namely, that it does not deal 


consecutively with the diagnosis of individual 


gastrointestinal diseases, but is an analysis of 


the principles on which such diagnoses are 
made, more particularly as made by serial 
roentgenography, of which Cole is the great 
protagonist. Thus the advocates of roentgen 
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oscopy as the primary basis of gastrointestinal 
diagnosis, of whom the reviewer is one, have a 
fine opportunity to offer demurrers, counter 
claims and rebuttal, but the case should be en- 
trusted only to a dauntless and able attorney. 

There are chapters on the technique of serial 
roentgenography, the radiologic anatomy of the 
digestive tract, and each of the four fundamen- 
tal findings, to-wit, the lumen of the tract 
viewed in profile, special folds of mucosa 
viewed on edge, pliability of the mucosa to 
peristalsis, and the pattern of the mucosal folds 
or rugae. Which is best must be decided by each 
reader for himself. 

Especially pleasing to the reviewer is the 
historical sketch which shows that inspection 
of the mucosal relief is by no means novel and 
that it has been a common feature of American 
techniques for more than two decades. In late 
years certain European roentgenologists have 
emphasized the significance of the mucosal pat- 
tern and have devised ingenious methods for 
its roentgenographic demonstration. Conse- 
quently, some of the clinicians in this country 
have erroneously assumed that the principle is 
wholly new and have been reluctant to foresake 
their error. Perhaps this added correction will 
impress them. 

To Colleague Cole, salutations; to Printer 
Bruce, congratulations. 


B. R. Kirk Lin 


RGONTGENOLOGISCHE SKELETTSTUDIEN AN 
ZWILLINGEN MEHrR- 
LINGEN: Ein Beitrag zu den Problemen der 
Konstitution und der Phylogenese. (Roent- 
genologic Studies of the Skeleton of Human 
Twins and Multiplets: A contribution to the 
problems of constitution and phylogenesis.) 
(Fortschr. a. d. Geb. d. Réntgenstrahlen, 
Erganzungsband 46.) By Franz Buschke, 
with an introduction by H. R. Schinz. Paper, 


MENSCHLICHEN UND 


price M. 25. —; bound, M. 27. —. Pp. 47, 
with ¢ illustrations in the text, and 50 plates. 


Leipzig: Georg Thieme, 1934. 


The difficulties of carrying out well-controlled 
studies on heredity in man are too well known 
to be other than mentioned. In fact, the whole 
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study of human genetics has hardly started. 
Schinz in his introduction to this monograph 
points out that the study of twins may offer 
valuable data on some of the relationships be 
tween inherited and acquired characteristics. 


Buschke has used the roentgenologic study of 


the skeletons of twins to determine to what ex 
tent hereditary factors may affect their osseous 
development. After a review of the literature 


on what is known about twins and especially of 


the effects of heredity and environment on the 
skeleton, he reports his study of 25 pairs of 
identical twins, 18 pairs of twins of the same 
sex from two ova, 7 pairs of twins of opposite 
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sex from two ova, 4 sets of triplets, and 1 set 
of quadruplets. The skeletons of identical twins 
are identical even to the smallest detail, but 
different in two-egg twins, but there may be 
differences (which the author discusses in de 
tail) in the centers of ossification. The results 
tables with 
roentgenograms and from them Buschke points 


out some of the important genetical relation 


of this study are presented in 5 


ships of the study. This interesting book opens 


up a whole new roentgenologic avenue of ap 
proach to a solution of many human biologi 
problems. 
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ROENTGEN AND 


RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 


HEAD 
FRANKEL, S. R., and KoscHEwnikow, A. M. 
Die Encephalographie bei psychischen und 
Nervenkrankheiten des Kindes- und Saug- 
lingsalters. (E ncephalography in psychic and 
nervous Tete in infancy and childhood.) 
Acta radiol., 1933, 74, 349—-374- 


The authors have been using encephalogra- 
phy as a diagnostic aid for eight years and have 
examined about 400 children by this method. 
They find that children bear it very well, bet- 
ter even than adults. It is a very valuable 
method in demonstrating diseases of the brain 
and meninges. It is not infrequently possible to 
diagnose organic diseases of the brain by its use 
at a time when clinical examination is of little 


value. In the nervous and psychic diseases of 


childhood and particularly infancy it is an aid 
not only in diagnosis but also in prognosis. In 
hydrocephalus it is impossible to determine 
whether surgery is indicated without encepha- 
lography and the permeability test. There are 
cases in which internal hydrocephalus can be 
detected by encephalography when it cannot 
even be suspected from the clinical picture. In 


epilepsy the focal character of the disease can 
often be demonstrated - by encephalography, 
which is very important in deciding on the in- 
dication for operation. By encephalography not 
only changes in the ventricles but atrophic 
processes in the cortex can be demonstrated. In 
cases in which the air cannot penetrate the 
ventricle a supplementary ventriculography 
may be used. If the necessary precautions are 
observed encephalography 


is comparatively 
free of danger. In many 


diseases of the bratfi 


it also has a good therapeutic effect —dudrey 
Morgan. 
GruLiano. Il quadro anatomo- 


radiografico delle fossette granulari dell’osso 
frontale. (The roentgen picture of the Pac- 
chionian depressions of the frontal bone.) 
Radiol. med., Oct., 1933, 20, 1315-1320. 
These depressions are caused by arachnoid 
granulations and are quite numerous on the 
parietal bones but in the majority of cases they 
are few in number on the frontal bones or there 
may be none at all. When present they are 
generally along the midline in the upper of 
middle part of the bone. They show in the 
roentgenogram as small sharply circumscribed 
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negative shadows, round or oval in form, sur- 
rounded by bone of normal structure. In a few 
cases, however, there are large numbers of 
these depressions; the author found 3 cases of 
this anomaly among 500 cases examined. They 
may be solitary or united in groups. They are 
not in the usual situation but on the lower part 
of the bone at a distance from the midline. 
When they are grouped they give the bone a 
peculiar cribriform appearance. Sometimes 
they form a large transparent area, more or 
less irregular in form, giving the impression 
that the internal table and the diploé are de- 
stroyed. These cases may simulate diseases of 
the skull, such as syphilis and tuberculosis. 
There is no reaction of the surrounding bone, 
however, which is a differentiating characteris- 
tic.—Audrey G. Morgan. 


NECK AND CHEST 
Acat1, Dino. Le alterazioni motorie del faringe 
nell’ indagine Roentgen. (The roentgeno- 


gram of motor changes in the pharynx.) 
Radiol. med., July, 1933, 20, 889-905. 


The author reviews the roentgen picture of 
the mechanism of deglutition and also that seen 
in motor changes in the pharynx‘and describes 
and illustrates with roentgenograms 7 cases 
that he has followed up himself. 

Motor changes in the pharynx are particu- 
larly interesting to the roentgenologist because 
they are frequently associated with diseases of 
the esophagus and with many conditions that 
cause pressure on the vagus and glossopharyn- 
geal nerves and their branches. The roentgen 
picture of disturbances of innervation is very 
characteristic. In addition to reduction or com- 
plete abolition of the movements of glosso- 
pharyngeal and laryngeal deglutition, there is 
prolonged filling of the valleculae epiglotticae 
and the pyriform sinuses. This finding, ac- 
cording to Possati, may be an early sign of 
tumor of the esophagus. Among the author’s 
cases one of the four in which pharyngeal find- 
ings coexisted with disease of the esophagus 
tended to confirm Possati’s hypothesis. In one 
case in which a tumor of the mediastinum had 
caused an associated paralysis of the pharynx 
and larynx, in addition to the pharyngeal symp- 
toms, barium had entered the larynx and pro- 
duced distinct and long-continued visibility of 
the ventricle of Morgagni. 

In the presence of such findings the roent- 
genologist should make a careful study of the 
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pharynx and larynx and if they are normal 
should examine the whole course of the vagus 
to see if pressure is being exerted on it at any 
point. The examination should also be extended 
to the whole of the digestive tract as the 
pharyngeal and laryngeal disturbances may be 
due to organic or functional changes in various 
parts of the digestive tract or to lesions of the 
vegetative nervous system. Roentgen examina 
tion in these cases is of the greatest importance 
for often the causes of the motor disturbances 
in the pharynx are ones that cannot be de- 
tected by clinical examination.—Audrey G. 
Morgan. 


Grotu, Karti-Erik. The roentgen picture of 
the epipharynx of children under normal 
conditions and by adenoid vegetations. 4cta 
radiol., 1933, 74, 463-469. 


The author describes the roentgen appear 
ance of the epipharynx in children under nor- 
mal conditions and when they have adenoids. 
The width and shape of the epipharynx are not 
very much affected by the position of the head 
when the child is awake but during sleep the 
passage is considerably narrowed when the 
child lies on his back because the soft palate 
lies close to the adenoid vegetations because of 
decreased or abolished 
musculature of the palate. 

As a roentgen examination is not at all un- 
pleasant for the patient, the author recom- 
mends its use instead of palpation through the 
mouth which is extremely disagreeable to chil- 
dren. It also gives a better idea than palpation 
of the encroachment of the adenoids on the 
space in the epipharynx. He believes that roent- 
gen examination should always be used when 
adenoids are suspected if for any reason the 
posterior wall of the pharynx cannot be ex- 
amined by anterior rhinoscopy.—Audrey G. 
Morgan. 


contraction of the 


CartsunD, Hersert. An aid to the roentgen 
diagnosis of foreign bodies, not visible on 
ordinary roentgenography, in the hypo- 
pharynx and esophagus. Acta radiol., 1933, 
391-398. 

The author thinks that roentgen examina- 
tion should be made in all cases in which foreign 
bodies of any kind are known or suspected to 
be present in the hypopharynx or esophagus. 
It has generally been thought that objects such 
as fish-bones or others causing little opacity 
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could not be demonstrated by roentgen ex- 
amination but he cites material from the Sab. 
batsberg Hospital in Stockholm which proves 
that they can be. He describes 8 cases in detail 
and illustrates them with roentgenograms. 
Both flat and round fish-bones and other non- 
opaque foreign bodies that did not obstruct the 
lumen were demonstrated. 

A thin barium porridge was used as the con- 
trast medium. Careful screening is necessary 
and several roentgenograms should be taken, 
using different projections of suspicious parts 
of the hypopharynx and esophagus with the 
same care as is used in examining the bulb of 
the duodenum for ulcer. After taking the 
barium the patient should be allowed to swal- 
low a few mouthfuls of water as this washes 
away superfluous barium and leaves the foreign 
body coated with it, so that it stands out more 
distinctly. He has never seen all the barium 
washed from the surface of the foreign body by 
a few mouthfuls of water. This device was the 
decisive factor in making a diagnosis in some of 
his cases. —Audrey G. Morgan. 


BALDENWECK, L., and R. Re- 
cherches sur la radiographie normale et 
pathologique du larynx. (Researches on the 
normal and pathologic roentgenography of 
the larynx.) 7 de radtol. et a’ électrol., July, 
19335 47 353-362. 

In this article the authors describe in detail 
the technique of procedure for roentgenogra- 
phy of the larynx with soft tissue exposure as 
well as its normal appearance as seen in roent- 
genograms. At the end of the article a few 
pathologic cases are discussed such as two can- 
cers of the larynx and a case of traumatized 
larynx, several very illustrative roentgeno- 
grams being included. 

The technique of roentgenography briefly is 
as follows: The patient is placed in a sitting 
position and the central ray is directed in two 
profiles both from the right and left. The focus 
film distance is taken as 70 cm. so as to permit 
a rapid exposure, depending on the capacity of 
the tube. The authors prefer to center the tube 
roentgenoscopically. The roentgenograms are 
made in inspiratory apnea and sometimes in 
phonation, the patient pronouncing a pro- 
longed and high-pitched che.—T. Leucutia. 


Pizzociio, Ermete. Iconografia di un raro 
caso di ascesso gassoso retrofaringo-eso- 
fageo diagnosticato con l’esame radiografico. 
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(Unusual case of retropharyngeo-esophageal 
gas abscess diagnosed by roentgen examina- 
tion.) Radiol. med., Oct., 1933, 20, 1334-1337: 
The author describes a case of gas abscess of 
the retropharyngeal space and esophagus 
caused by a fragment of chicken bone. From 
the clinical picture a probable diagnosis had 
been made of cervical Pott’s disease with bone 
abscess. The correct diagnosis was made from 
the roentgenogram. The necessity of making a 
careful study of the prevertebral soft parts in 
such cases is emphasized.— Audrey G. Morgan. 


Picorin1, Luic1. Sopra il lobo inferiore acces- 
sorio del polmone. (A lower accessory lobe of 
the lung.) Radiol. med., 1933, 20, 857-877. 
A good deal of attention had been devoted 

recently to the vena azygos lobe of the right 
upper lung but little attention has been paid to 
a lower accessory lobe which may occur at the 
base of either lung and may be confused with 
pathological processes in that region. With bet- 
ter roentgen technique and closer attention to 
this detail, the author thinks that such acces- 
sory lobes can be found in about half the cases 
and that they are not pathological at all. It is 
difficult to estimate their number accurately 
because even with careful technique they may 
escape detection, particularly if they are small 
and on the left side, as they may then be hid- 
den by the heart shadow. 

The length of the incisure which separates 
the accessory lobe from the lower lobe may be a 
fifth to a third or even a half that of the base of 
the lobe. The incisure may pass obliquely up- 
ward and inward to the hilus or it may stop at 
a short distance from the base and from the 
anterior surface of the lobe. 

For demonstrating this incisure the author 
used a dorsoventral projection with a focus- 
film distance of 1.50 meters with the patient 
seated and the shoulders in moderate abduc- 
tion. The central ray was centered on the sth 
dorsal vertebra. Exposure time 1/50 of a 
second with a stop watch. This great accuracy 
in measuring the exposure time is necessary be- 
cause with a longer exposure time the line may 
be blurred by the respiratory movements. In 
doubtful cases a better visualization of the in- 
terlobe may be obtained with a slightly oblique 
projection so that the central ray passes along 
the line of the incisure in enfilade. A latero- 
lateral projection may be useful but the central 
ray cannot be made to pass along the incisure 
for as long a distance with this projection. It 
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may be necessary, however, to prove the pos- 
terior retrocardiac position of a structure seen 
on a sagittal plate on which the depth cannot be 
determined. The absence in a lateral projection 
of a line seen in a sagittal projection is one of 
the best evidences of the presence of a super- 
numerary lobe, for this is the only condition in 
which such a difference is seen in the two pro- 
jections. In many of the author’s cases there 
was a small triangular dilatation of the inter- 
lobar line at the point where the line came in 
contact with the cupola of the diaphragm. This 
structure has been held by some authors to be 
due to interlobar pleurisy but the author thinks 
that it occurs in normal cases and is analogous 
to the triangular structure at the apex often 
seen at the beginning of the incisure of the 
azygos lobe. 

Sometimes the course of the interlobar fis- 
sure is directed upward and toward the mid- 
line; sometimes it is directed outward; some- 
times it is perfectiy straight, and in some cases 
it is distinctly convex. This makes it less valu- 
able for differentiating a supernumerary lobe 
from an encysted basal paramediastinal exu- 
date than is claimed by Graberger who says 
that the opacity of a supernumerary lobe has a 
straight outer boundary while that of an exu- 
date is convex or concave. 

The details of a number of the author’s cases 
are discussed and illustrated with roentgeno- 
grams. The most difficult differentiation is be- 
tween an infiltrated or atelectatic supernumer- 
ary lobe and an anterior mediastinal pleurisy, 
particularly on the right side. A good lateral 
projection is of value in differential diagnosis 
even in this doubtful case.—Audrey G. Morgan. 


Abstracts of Roentgen and Radium Literature O 


Daan, Atsperr. Der lobus venae azygos im 
Roéntgenbilde. (The vena azygos lobe in the 
roentgenogram.) Acta radiol., 1933, 74, 37 5-390. 
The author discusses the anatomy and em 

bryology of the vena azygos lobe of the Jung 
and in connection with this discussion and the 
roentgen findings attempts to settle some of the 
disputed questions in regard to this lobe. He 
discusses particularly the outer convexity of the 
lateral boundary of the lobe on account of its 
importance in roentgenography. He concludes 
that the typical picture of this anomaly is pro 
duced by a tangential image of a normal 
pleural septum. He cites the following evi 
dences in favor of this theory, (1) Roentgeno 
grams taken in various diameters have shown 
that the linear shadow is produced by a deeper 
part of the lung and not by the anterior border 
of the septum. (2) The line remains visible as 
such when the patient is turned around. (3 
The line always appears complete in the roent 
genogram. (4) It is improbable that such in 
tense pathological thickenings or deposits of 
the pleura would occur along the whole length 
of the septum as would be compatible with the 
facts cited under (2) and (3). (5) All of the 
facts can be explained very simply on the 
theory of a tangential image in the pear-shaped 
type of lobe. 

This theory also explains why Stibbe’s large 
type appears less frequently in the roentgeno 
gram. The theory that the line is an image of 
the interlobar septum also explains Hotz’ hair- 
lines extending from the median fissure. 

Apparently the anomaly has absolutely no 
clinical significance. The author cites a family 
in which 3 cases of vena azygos lobe occurred. 


Audrey G. Morgan. 
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